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I N T R 0 D U C T I 0 N 
The waters off South West Africa constitute a rich commercial 
fishing area and is. the focus of a sizeable international 
multi-species fishery. In I973, catches of pelagic and 
demersal species taken by all vess_els operating off the 
coast exceeded two million,metrictons (.F.O.A. I974). 
The most sought-after pelagic fish are the pilchard Sardinops 
ocellata Pappe, anchovy Engraulis capensis Gilchrist and 
the Cape horse mackerel or maasbanker Trachurus trachurus 
Linnaeus. The hakes, Merluccius capensis Castelnau and 
!· paradoxus Franca are the most important demersal species. 
Pilchard and anchovy stocks are mainly exploited by fishing 
vessels based at Walvis Bay, whereas, the maasbanker and 
hake populations are heavily fished by large fleets from 
U.S.S.R., Spain, South Africa, Japan, Bulgaria, Cuba and 
Poland. In a commercial fishery of this magnitude, it is 
desirable to detect changes and predict trends taking place 
within the populations to facilitate proper management of 
the resources. Fish populations are not only sensitive to 
increased fishing effort but also to changes in oceanographic 
conditions which can cause marked fluctuations in abundance, 
availability and year-class strength. 
During the last decade, the rapid depletion of the stocks 
of some species of marine food fish in various parts of the 
world have been well-documented. The pilchard or sardine 
fisheries are typical examples. The decline of the 
Californian sardine Sardinops caerulea has been attributed 
to a reduction in the ·parent stock due to heavy exploitation 
severe enough to upset the rate of recruitment ( Murphy I966, 
Sette !969). Intensive fishing and recruitment failure wa~ 
the cause of the col~apse of the South African pilchard 
fishery ( Stander and Le Roux I968) whereas the decline of 
the Japanese sardine Sardinops melanosticta was caused by 
unfavourable environmental conditions affecting recruitment 
(Nakai I960). Parallel with the reduction of pilchards in 
the various fisheries, the availability of other pelagic 
species, especially the anchovy increased noticeably. 
Moreover, the exploited stock usually showed changes in 
reproductive behaviour as indicated by variations in egg and 




Studies on ichthyoplankton have contributed in many ways to 
the detection and appraisal of fish resources, to population 
dynamics and to the general biology and systematics of fishes. 
One of.the most useful methods of monitoring fluctuations in 
fish stocks is to compare the variation in abundance of the 
pelagic eggs and larvae between years through regular routine 
ichthyoplankton surveys (Ahlstrom 1965, 1971, 1972 ). 
Seasonal distribution of eggs and larvae are particularly 
useful in detecting changes in the spawning behaviour of the 
adults in respect of shortening or lengthening of the 
spawning season and geographical shifting of the breeding 
areas. 
It is generally believed that year-class strength is 
determined during the egg and larval phase (Hjort 1914, I926, 
Walford 1938, Wilborg I957). For several species there is· 
evidence of a high mortality rate during certain development 
stages ( critical phase ). High mortalities have been 
reported between hatching and absorption of the yolk-sac in 
the Californian s.ardine ( Ahlstrom 1954, Farris I961 ) and 
in the Japanese sardine (Nakai £1~1955 ), from yolk-sac 
absorption to a length of 16 - 20 mm in the herring larvae 
Clupea harengus ( Blaxter and Hempel 1961 ) and from 30 - 40 
days after hatching in the Atlantic mackerel Scomber scombrus 
(Sette !943, Marr 1956). The causes of these mortalities 
during the early larval phase are thought to be due to a 
variety of physical and biological factors. Fluctuations 
in hydrological and biological conditions such as temperature, 
currents, nutrients and plankton have a profound influence 
on spawning, development and survival of larvaeo For 
example, larval abundance and in some cases recruitment of 
marine fish has been correlated with specific oceanographic 
parameters, including wind, currents and plankton 
distribution ( Walford I938, Carruthers et~ 1951, Rae 
1957, Corlett I958, I964, Cushing 1967, Bainbridge and 
Cooper I973, Hart !974 ). However, the influence of these 
parameters are likely to be felt more as a complex of 
interactions rather than one factor operating in isolation. 
Temperature perhaps can be singled out as one of the mor~ 
important physical parameters as it controls the migration 
of fish populations, the rate of m~tabolism and also the 
development of the pelagic eggs and larvae. 
3. 
Many species of marine fish larvae need certain thermal 
requirements where the body metabolism can presumably 
operate with maximum efficiency. Above and below these 
limits, the effects may be lethal, causing heavy mortalities. 
Temperature also indirectly affects larval survival by 
regulating the period over which the developing larvae are 
vulnerable to predation (Murphy I961 ). Rapid changes 
in temperature during the spawning season can have drastic 
consequences, as shown by Dannevig and Hansen (I952} for 
the Norwegian cod and by Colton (I959) for several species 
of larval fish off Georges Bank. The production of food 
organisms for developing larvae also depends largely upon 
abiotic factors such as temperature. 
During the planktonic phase, developing larvae are carried 
passively by water currents and consequently dispersal 
patterns could play a vital part in determining the fate 
of a year-class. Transportation of larvae into areas 
which may have favourable or unfavourable environments 
would ultimately affect their growth rate and survival. 
It is desirable, therefore, to understand the movement of 
water masses in the spawning grounds and to trace the 
direction in which larvae are carried. 
Despite the fact that the waters off South West Africa 
may be classified as one of the major world fishing areas 
there is surprisingly little information on the ichthyoplankton 
of the region. Previous investigations have mainly been 
concerned with the seasonal occurrence of pilchard eggs 
(Hart and Marshall 1951, Matthews I963, Stander 1963, 
King 1977 in press). Information on the eggs and larval 
stages of other species of fish is sparse. Sciaenid eggs 
and early larvae have been recorded and described by 
Meyer-Rochow (1972). King (I975) reported on the relat-
ionship between egg development of the pilchard and 
temperature, salinity and oxygen and in a later paper 
(King 1977, in press) outlined the distribution of anchovy 
eggs off the coast. The occurrence of eggs and larvae 
of the hake was listed by Porebski and Koronkiewicz (1975) 
and of the frostfish Lepidopus candatus by Porebski and 
Bielaszewska (1975). 
4. 
Because of the sudden decline in pilchard availability 
from,1,5 million tons in !968 to 450000 tons in !970 
(F.A.O. 1971), the Sea Fisheries Branch embarked on a 
major research project in !972 The Cape Cross Progranune, 
to investigate the state of the fishery. (Cram and Visser 
!972). Part of the overall research commitment was an 
extensive quantitative ichthyovlankton study which became 
known as SWAPELS ( South Wes~ African Pelagic Egg and 
Larvae Survey ) in the region between Cape Frio (r8°20'S) 
and Hollam's Bird Island (24°40'S) during the months 
August to March/April. The period and the area was 
selected because they covered the known spawning season 
and the geographic range of the South West African pilchard 
population. The first survey was carried out between 
August !972 ( late winter ) and March !973 (early autumn) 
and the second between August I973 and March/April I974. 
Unfortunately, no sampling was conducted during the 
intermediate period. 
The primary purpose of SWAPELS was to estimate the pilchard 
adult stock size from its spawning production. Additional 
• 
objectives were an investigation of the planktonic stages 
of other commercially exploited species. Findings on 
the larvae are presented here for the pilchard ~.ocellata, 
anchovy~· capensi~, Cape horse mackerel 1.trachurus, hake 
M.capensis, West Coast sole Austroglossus microlepis and 
bearded goby, Sufflogobius bibarbatus. The latter was of 
interest as its larvae constituted 62 percent of all fish 
larvae taken on the surveys. 
The following objectives are covered in the study: 
(i) the description of the seasonal hydrological changes 
in the survey area and a comparison between years. 
{ii) an examination of the seasonal distribution and 
abundance of the larval stages in relation to 
hydrological conditions. 
(iii) the determination of the preferential temperature 
and salinity ranges for the larvae. 
5. 
(iv) an examination of seasonal shift in location and 
intensity of spawning from the. geographic distribution, 
abundance and size composition of the larvaeo 
(v) the establishment of dispersal trends of developing 
larvae from the spawning grounds. 
(vi) 
· (vii) 
the provision of information on the identity and 
development of important fish eggs and larvae 
the determination of diurnal changes in abundance 
and size composition of various larval species. 
The results reported are regarded as scientifi.cally significant 
in view of the paucity of basic information on the early life 
history of any fish species off South West Africa. Many 
aspects such as identity, development, distribution, abundance, 
hydrological affinities, diurnal variation and dispersal are 
given for the first. time. The findings make a positive 
contribution not only to knowledge of the early stages and 
biology of the species but also provide an insight into the 
general ecology of fish larvae in what is probably the most 
productive and lucrative fishing grounds in the South East 
Atlantic. 
6. 
In this work information is given only on the larvae of 
selected species~ However, numerous other kinds of fish 
larvae were also collected ·on the survey~. It may therefore 
be us~ful at. this stage to give an overview of the general larval 
composition and seasonality of all the species. 
Fish larval composition 
During SWAPELS, a total of 80,428 larvae representing 24 
familie·s of -fish were collected in the plankton. These 
belonged to the Clupeidae, Engraulidae, Caran~idae, Merluccidae, 
Got.:ii.dae, Soleidae, Myctophidae Blennidae, Gonostomatidae, 
Triglidae, Scorpaenidae, Lepidopidae, Syngnathidae, Calli9nymidae, 
Ophidiide, Coryphaenoididae, Scomberescidae, Sciaenidae, 
Gempylidae and Lophiidae. 
Eleven kinds of larvae constituted over 96 percent of all 
those collected during the two year investigation. The 
bearded goby was the dominant species and formed 66,8 percent 
and 58,8 percent of. all the larvae taken during Survey 1 and 
2 respectively, Although this species is of no economic 
-significance, its striking dominance suggests that it is 
of cardinal importance in the food web. 
Larvae of commercial speci,es such as the anchovy, pilchard, 
hake, maasbanker and sole ranked amongst the ten most abundant 
species. However, ·pronounced differences in the order of 
rank were noticeable between years which perhaps indicated 
natural fluctuations in populations abundance. For example, 
anchovy larvae were three times as abundant during 1972/73 
compared with 1973/74 whereas these of the pilchard were 
almost nine times m~re plentiful during the second survey. 
Of the bathypelagic fish larvae, the myctophid Lampanyctodes 
hectoris and the ma~rolicid, Maurclicus muelleri were 
the most numerous and were an important component cf the 
off shore plankton. Another myctophid of the genus 
Symbolophorous was consistently taken in hauls at off shore 
stations and ranked 11th and 9th in abundance during 
survey 1 and 2 respectively. 
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A species of blenny, provisionally identified as 
Chalaroderma capi to was an important constituent of the' 
was an important constituent of the offshore.plankton 
in the northern part of the research area. 
The remaining i_j kinds of larvae and those which could not 
be identifie~ formed only 3,0 percent and 2,2 perc~nt of 
all those collected during Survey 1 and Survey 2 .• 
Abundance of the more comm11n species and genera~. is 
summarised in Table 1. · 
Seasonality of larvae · .. -
The seasonal abundance of the eleven most common kinds of 
fish larvae collected on the SWAPELS cruises is shown ·in 
~able II and III. It may be seen that the larvae of some 
species occurred predom~nantly in late winter/spring whereas 
others were collected only during summer and ·early autumn 
months. The general pattern -of' seasonal abundance amongst 
the various species was eonsistent between years. For 
example· over 85 percent of oearded.goby larvae were collected 
in the plankt~n during late winter and spring. The· larvae 
~f the West Coast sole and the lanternfish:L~ihactoris ~lso 
9ccurred mostly during winter and spring. 
found mainly during the menths of October, 
·December (mid spring to early summer). 
Hake larvae were 
November and 
In contrast, larvae of such species as the anchovy, maasbanker 
and Senegal.sole were found to occur mostly in the summer 
and early autumn. . The pilchard appeared to spawn continuously 
f'rom late winter to autumn but the larval abundance showed a 
late winter and a summer/autumn spawning peak. A comparison 
of the seas.?nal abundance of larvae between years .indicates 
that the intensity of spawning can change from month 
to month and season to se.as;;m .•. 
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For example . over 67 perce,nt of all pilchard larvae captured 
during 1972/7 3 were taken in September whereas over 70 percent 
occurred. during. March/April 197 3/74. Sixty three percent 
of maasbanker ~arvae were collected in January during 
Survey 1 but on Survey 2 most of the larvae (70 percent) 
were captured two months later in March/April. 
I. 
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TABLE I COM)?ARISON OF RELATIVE ABUNDANCE OF FISH .LARVAE 
COLLECTED OFF SOUTH WEST AFRICA DURING THE 
SWAPELS CRUISE OF 1972 - 1974. 
SURVEY l SURVEY 2 
l~12f..7 J .127 Jl74 
Species :N;, .• taken . % 'bf Rank No.taken % of Rank 
total total 
Sufflogobiu~ bibarbatus i1 e25 -6'6.,83 l 31 173 58 ,'82 1 
·Engraulis -capensis 4 316 15 ,'70 2· l 034 1,95 5 
Sardinops obe1lata 986 3,59 3 9 065 17;10 2 
Trachurus trachurus 802 2,92 4 2 574 4, 90 4 
Merluccius capensis 673 
.. 
2.,45 5 911 1,7? 6 
Austrofilossus microle:Qis 358 1, 30 9 178 0,33 10 
Dicologlossa cunea:ta 385 1,.40 8 420 0,89 7 
Lampanictodes hedtbris 449· .1, :6 3 7 5 785 . 10, 92 3 
Maurolicus muelle~i . 580 2,11 6 349 0,65 8 
simbolo:12ho.roul? ~· 105 o, 38 11 214 .0,40 9 
'Chalaroderma capi to .184 . o,67 10 114 .0,21 11 
Dia:12hus ~· 46 0,17 12 62 0,11 12 
Hogophu~ ~aeahir 235 0,08 ·14 18 0,03 15· 
·Pterothrissu.s belloci 12 .0,04 15 8 0,01 17 
Vinciguerria ~· 10 0,04 16 12 0,02 16 
Chauliodius '.!EE. 6 0,02 ·17 4 0,01 19 
' Le:pid.opus. caudatus 35 0,13 lJ 28 0,05 13 
Stomias boa 4 0,01 18 6 o,_01 18 
Tri§la spp. 12 0,04 15 22 0,04 14 
'All others 687 2,50 924 1,93 
Total 27 497 100,0 52 931 100,0 
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TABLE II PERCENT.AGE SEASONAL ABUNDANCE OF THE MORE COMMON KINDS 
OF LARVAE COLLECTED. DURING 1972/7 3. 
Species irng Sept. Oct Nov Dec Jan Feb Mar 
.§. bibarbatus ' 0,9 10, 3 3,7 37, 6 32, 6 8,8 5 ,.9 
E. capensis --d 0,2 4,5 40,l 25~9 -s. ocellata 0,2 67,7 5,1 6,5 0,8 4,9 6,6 
T. trachurus 2,9 2,2 7,0 63,l 17,5 
M. capensis - 1,5 18,3 76,·l. 2,8 
A. microlepis 54,5 7,5 34' 1 3,9 
D. cuneata 77,2 10, 3 10,6 
L. hectoris 8,7 28,1 9;7 39,0 13,6 0,7 _, 
M-. · rnue lleri 0,67 1,0 51,9 36,6 9,1 0, ':]. 
S:t:mbolophorous sp • 9,5 21,9 - 45., 7 12,3 2,8 . 
Q. capi to . 5, 1 11,7 13,l 12,6 22,0 32,2 
TABLE III PERCENTAGE SEASONAL ABUNDANCE OF THE MORE COMMON KINDS ' 









Species Aug Sept. Oct Nov Dec Jan Feb Mar/Apr 
§. bibarbatus 0,4 0,5 21,6 27,2 36,2 7,1 3,8 3,2 
E. ca12ensis 0,5 3,0 6,5 20,1 46,9 24,9 
.§. ocellata . 0,1 1,1 1,7 1,9 0,1 18,4 5,9 70,9 
T. trachurus 1,2 1,0 11,1 38,7 47,8 
M. capensis 9,2 27,l 53,8 2,9 2,2 5,8 -· 
A~ microlepis 1,1 7,3 59,9 10,7 10,2 10,2 
D~ cuneata 66,5 6,2 9,3 3,1 11,4 70,0 -
L ... hectoris 4,5- 13,l 1), 1 2,7 1,2 0,3 0,2-
M •. muelleri 0,9 5 3, 6 48,7 
S;y:mbolophorous. §J• 4,7 6,0 22,8 33,9 24,2 3,3 2,9 6,0 
c .. capito 9,4 9,4 23, 5 52,9 -
SUMMARY OF CONTRIBUTIONS 
This thesis is presented in the form of a series of papers. 
The first seven manuscripts comprising the main part of the 
dissertation are unpublished. A discussion follows 
intergrating the main findings and general conclusions. 
Seven publications which may be regarded as supporting 
documents are also included. F0r convience, literature cited. 
is given at the end of individual papers. 
I. Distribution of temperature and salinity off South 
West Africa I972 - 1974. 
A description of the seasonal hydrological features off the 
~cs.St of South West Africa between I8°20'S (Cape Frio)~d 
24°4o'S ( Hollam's Bird Island ) during the survey periods 
August !972 to March !973 and August I973 to March/April 
!974 is given~ The interpretations are based on the 
monthly distribution of temperature in the upper 50 m layer 
and surface salinity. Gross seasonal changes in water 
.movement from temperature and salinity data are discussedo 
Particular attention is given to upwelling and frontal 
systems between warm and cold bodies of water. Comparisons 
are made for both periods and the differences emphasized. 
2.. Investigations into the early life history of the 
South West African pilchard Sardinops ocellata Pappe. 
Previous work on the biology and early life history of the 
pilchard.§. ocellata is briefly reviewed and an account is 
given on larval seasonalityp distributionp abundance9 size 
composition and diurnal variation in catches. Spawning 
and the occurrence of larvae is discussed in relation to 
temperature, salinity and seasonal movements of water masses 
off the coast. Dispersal trends and larval growth are also 
examined. In addition to the larvaep some information is 
provided on the depth distribution of pilchard eggs and the 
relationship between depth of occurrence and environmental 
parameters. 
3. Investigations into the early life history of the South 
West African anchovy Engraulis capensis Gilchrist. 
4. Investigations into the early life history of the Cape 
horse mackerel Trachurus trachurus L. off South West 
Africa. 
5. Aspects of the early life history of the hake, 
Merluccius capensis off South West Africa. 
Papers 3, 4 and 5 are similar to Paper 2 but concern the 
larval stages of anchovy, Cape horse mackerel and hake. 
Such aspects as seasonality, distribution~ abundance, diurnal 
variation in catches, hydrological relationships and dispersal 
are discussed. In the case of Paper 47egg development and 
the yolk-sac larva is described. 
6. The development and distribution ecology of the 
larvae of the West Coa,et sole ~ustroglossus microlepis 
(Bleeker) from the South East Atlantic. 
This paper describes the larval development of the West 
Coast sole A. microlepis and gives an account on larval 
seasonality, distribution, abundance and relationships with 
hydrological parameters. 
7. Description of the larvae and early juveniles of the 
bearded goby. Sufflogobius b~barbatus (von Bonde) with 
notes on its distribution~ abundance and ecology in 
the South East Atlantic. 
The larval development of the 'bearded goby S. bibarbatus 
is described and illustrated. The geographic distribution, 
abundance, seasonality, diurnal variation in catches and 
relationships of the larvae to temperature and salinity is 
also given. Possible explanations for the large concentrati~ns 
of larvae of this species in the plankton are discussed. 
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8. The ecological inter-relationships between the larval 
populations and" with hydrol~gy • 
This paper integrates the results of the preceeding 7 manuscripts 
and discusses some broad inter-relationships between larval 
populations and the environment. T~e time of spawning and the · 
. ~ 
forination of· se.parate spawning areas are examined in relation 
to seasonal hydrological change and plankton production cycles. 
Competition and predation between adult and larval populations . 
is given as a possible explanation for the dominance of certain 
species. 
9. Lou.w, A.E. and M.J. O'Toole 1977 
Larval dev~lopment of Sardinops ocellata (Pisces: Clupeidae) 
Ann.'. .S. Afr. Mus. 12 (JJ, 125-145. 
This paper ~escribe·s and illustrates the development of the 
Y"lk-sac, larval and metamorphic,stages of the South West 
African pilchard s. ocellata. Emphasis is placed on the 
ehanges in body proportion, pigmentation, fin development and 
!in p~si ti,;ms re1·ative to myotomes during the course· of 
development. The findings are briefly compared with larval 
development of other Sardinope species. 
I.. 
lO. Ahlstrom, E.H., H.G. M~ser and M.J. O'Toole 1976 
Development .and distribution of larvae and· early juveniles 
of the commercial lanternfish, Lempanyctodes .. hectoris 
(Gt1nther) j off the west coast of southern Afr.ica, with 
a discussion on phylogenetic relationships of the genus. 
Bull: Sth. C@:lif. Acad. Sci. 1 .1J (2) 138-152. 
The larvae, transitional and early juvenile stages o.f the 
commercial lantern. fish L. hectoris are described and illustrated 
for the first time. Information on the relative abundance of 
larvae and occurrence in relation to temperature is given. 
Larval characters are used in combination with selected adult 
characters to elucidate the phylogeneti·c affinities of the genus. 
... 
·\. ·~: .. 
~, .. ,i":· 
I 0 .. 
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11. O'Toole, M.J. and D.P.F. King 1974 
Early development of the round ~erring 'Etrumeus. t,erf1s· 
(De Kay) from the South East Atiantic. Vie Milieu, 
24 fas6. 32 Ser.A, 443 - 452. 
The .eggs_and early larval development of the round herring 
E. teres collected off the Cape Peninsula is described •. 
Incubat,ion rates for egg development from blastocap stage 
to hatching is given for a variety of temperatures. A short 
comparison is made between Etrumeus egg characters and other 
clupeid eggs encountered in Cape waters._ 
12. O'~oole, M.J. 1976 
Incidental collections of small and juvenile fishes from 
egg and larval surveys off South West Africa (1972-1974) 
Fish. Bull. s. Afr .• . §. 23 - 33. · 
This paper provides an annf}tated 'list of juvenile and small 
fish species captured in the plankton nats during the routine 
SWAPELS cruises. The general distribution, number of occurrences, 
length range, time of capture and temperature ranges at whioh _ 
spe~imens were taken are given. The imporjr~ of tw.tJ species, 
the bearded goby 2· bibarbatus and the commercial lanternfish 
L •. hectoris is emphasized-. 
13. O'Toole M.J~ 1974 
~ 
I 
~ Fish -larval investigations off South West Africa. S. Afr. 
t !3hiPE• News. Fish. I.nd. Rev. 29 (11) 53-59. 
This paper ·briefly summarl..zes the results of the first SWAPELS 
cruised (August 1972 - March 197 3). The report is of a general 
nature and deals.with catch composition of various larval 
speci-es, overall distribution, seasonality, diurnal variation 
in catches and temperature/salinity relationships. 
.... , . . . ·i . 




14. O'Toole, M.J. 1977 
A note on the relationship between the .vertical distributinn 
f:if maasbanker larvae (Trachurus trachurus L) and environmental 
parameters off South West Africa~ Fish. Bull. s. Af.r. 2 
The depth distribution of maasbanker larvae is given in relation 
to temperature, salinity, oxygen and c4lorophyli in the upper 
50 m of water. Observations were based on one hour long 
stratified tow using Miller nets in ·an area where the larvae 
were particularly abundant. The results are compared ·.briefly 
with the larvae of other species of Trachurus. 
15. O'Toole, M.J. 1976 
A nete on the presence of ripe anchovy off Cape Point. 
Fi~h. Bull. S. Afr. 8, p. 35 
' 
Freshly eaten anchovy ~· capensis in a ripe and running condition 
w.ere disgorged by some long-fin tuna Tunnus alalunga caught off 
Cape· Point. Spawning anchovy are noticeably rare in the 
commercial catches. and suggestions are made regarding the depth · 
at which spawning occurs. 
Presentation of this dissertation ±n the form of separate papers 
inevitably results in some repetition and also tends to disrupt 
the eentinui ty of the thesis. Nevertheless, .since the candidate. 
was employed by the Sea Fisheries· Branch during the course 
of this work, speedy publication was encouraged and thus aided 
by presenting the results in this way. Apologies are made for 
the peor ~eproducti9n quality of some illustrations. 




otherwise stated -and acknowledged in the· text. In Paper 2, 
vertical distribution studies on pilchard eggs were ·conducted 
and analysed with Mr D.P.F. King, Sea Fisheries Branch. Much 
of Paper 8 was written and illustrated by the senior author. 
I wrote some of the text and aided in the measurement of larvae 
and in the analyses of the morphometric data. In Paper. 9, 
the candidate was responsible for the field work, drafting 
.\ 
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distributional figures and writing snme of the text. 
The senior authors wrote most of the paper, including 
the phylogenetic discussion. The field work in. Paper 10 
was jointly carried out with Mr D.P.F. King, however, the 
candidate described and illustrated the e·ggs ·and early larvae 
and wrote' the majority of the text• The incubati'>n experi·ments 
on the eggs we~e conducted by Mr King. 
In general, the candidate participated in and helped jointly 
organise many of the ichthyplanktoncru:ises with his 
fellow ·colleague Mr King. 
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SEASONAL DISTRIBUTION Of TEMPERATURE 
AM> SALINITY Off SOUTH WEST AFRICA 
I972 - 1974 
by 
MICHAEL Jo 0 1TOOLE, 





'.1.;he se.asonal distributionl migration, spawning behaviour· 
and early life history of many pelagic fish are known to 
be closely related to oceanographic conditions. A know= 
ledge of the characteristics and movements of associated 
water masses is often useful in µnderstanding the fluctuations 
in fish availability, migration and spawning patterns. 
Apparent overexploitation of the South West African pilchard 
stocks induced the. Sea Fisheries Branch to initiate a study 
into the distribution and ecology of ichthyoplankton in 
the upper 50 metre layer during 1972 - 1974. Surveys were 
operated on a monthly basis between latitudes 18°20 1 3 and 
24°40'S from August 1972 to March 1973 and from August 1973 
to March/April 1974 (Fig. 1). 
During the course of the routine ichthyoplankton collections, 
surface termperature, salinity· and temperature to a depth 
of 50 m were recorded at each station. 
The chief contributions to knowledge of the Benguela Current 
are the hydrological studies of Hart and Currie (1960) and 
Stander (1964). In these reports, the general features of 
the current i.e. water circulation, origin of water masses, 
upwelling and seasonal distribution of temperature, salinity 
and oxygen are described and discussed. Subsequent investigations 
based on various smaller-scale physj_cal observations (dul?lessis) 
1967; Yelizariv, 1967; Filippov and Kolesnikov, 1971; 
Hobson, 1971; Visser et al, 1973; Wessels tl §1, 1974; 
Piechura and Wozniak, 1975) agree in general with the findings 
of Hart and Currie QE. cit.and Stander 212. cit. Most 
hydrological representations of the Benguela Current in 
the past, however? have been based on the results of stations 
on widely - scattered grids visited at seve!'al-month intervals, 
The results of the present study are therefore particularly 
useful in that eight consecuti Y3 months of intensive measure= 
ments were made over a two year period on a closely -
spaced fixed grid, This allowed a more detailed examination 
and ?omparison of seasonal changes in hydrological events 
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Fl g. 1 Location of routine stations occupied during the S WA PE LS 
cruises in 1972 / 73' and 1973 / 7 4 
The purpose of thi$ rep~rt is to broadly describe the basic 
seasonal changes in the hydrology of the region as Q 
background to future papers relating the distribution of 
fish larvae to hydrological change. A detailed analysis 
of the mechanisms involved is not attempted. 
GENERAL CHARACTERISTICS OF THE BENGUELA CURRENT SYSTEM OFF 
SOUTH WEST AFRICA. 
Marked seasonal variation in temperature and salinity occurs 
off South West Africa both parameters being directly influenced 
by the intensity of upwelling activity along the coast. (Hart 
and Currie, 1960; Stander, 1964). 
Upwelling is at its maximum during spring when the velocities 
of the South east Trade and South/South west coastal winds 
are more constant. This results in the widespread aistribution 
of homogenous cold low salinity water. As summer approaches 
the South Atlantic high pressure system responsible for 
the S E trade winds moves south, causing a decrease in wind 
intensity. The coastal winds, which depend on the interaction 
between the South Atlantic high pressure zone and the 
continental pressure system, become more variable. Up; 
welling diminishes to reach a minimum during late summer and 
autumn. During this period, warm saline oceanic water 
invades the ~one normally occupied by the cool coastal (Hart 
and Currie, 1960; Stander, 1964). 
The stability of the water increases and strong temperature 
gradients form, particularly in the shallow coastal areas 
(du Plessis, 1967)0 
Towards the end of autumn the South Atlantic high pressure 
system moves north and the prevailing winds simultaneously 
increase in speed. Upwelling intensifies and the movement 
of cold upwelled coastal water seaward displaces the warm 
oceanic water offshore. 
. . . 
I 
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Temperature gradients become less ~ronounced and are 
eventua11;1l destroyed by the uplift of water near the c-0ast. 
The phenomenon of upwelling is characteristic of several 
localities along the coast but is more intense in the area 
between Luderitz (26°25'.S) and the Orange River (28°30 1 s), 
(Stander, 1964). A substantial reduction of the upwelling 
process occurs north of Walvis Bay (23°s). 
Accounts of the general patterns of water movements have 
been given by Stander (1964), Yelizarov (1967), Filippov 
and Kolesnikov (1971) and Wessels~§]; (1974). Water . 
normally flows along the coast in a northward direction 
particularly in the southern region. The flow is more 
pronounced during periods of active upwelliqsi.e. late 
winter and spring. Onshore..; movement and sometimes a 
complete reversal of flow occurs in lower latitudes (Hart 
and Currie, 1960; Stander, 1964; Wessels et §1, 1974). 
The movement of water off the northern coast of South West 
Africa is more complex and variable. Where the northward-
flowing Benguela Current turns offshore to meet the southward-
flowing Angola Current between latitudes 17° and 18° S, 
large eddies frequently form at the surface and in deeper 
layers (Stander, 1964; Yelizarov, 1967; Filippov and 
Kolensnikov, 1971). The flow of the Angola Current may 
vary from southwards inshore to northwards off shore or vice 
versa depending on whether the eddies are cyclonic or 
anticyclonic. Evidence of a subsurface counter current 
beneath the Benguela has been identified by Hart and Currie 
(1960), Stander, (1964), Yelizarov (1967) and Filippov 
and Kolesnikov (1971). 
Another notable feature of the ~enguela Current System is 
the presence of water of low oxygen content off the coast, 
particularly during summer months when conditons are 
relatively calm and little vertical mixing takes place. 
A detailed analysis of the distribution of oxygen is 
given by Stander (1964). 
GEOGRAPHIC FE.AXURES. 
The coastline of South West Africa xuns in a N N W 
direction from the Orange River until at 18°s it deflects 
north and then N N E into Angola. Much of the coast 
is characterized by a narrow belt of low-lying land and 
sand dunes. The land is arid and dominated by the Namib 
desert. Annual rainfall is low. Heavy coastal mists 
produced as a result of interaction of the cold Benguela 
Current and the warm desert air periodically enshroud 
the coastal areas giving a cool damp climate. The territ-Ory 
is bordered by two large rivers, the Cunene in the North 
and the Orange in the South.' The catchment aiteas of these 
rivers are extensive in the interior but drainaee to the 
sea is slight and usually confined to periods of heavy summer 
rains. At these times however, the rivers may discharge 
large volumes of flood water into the sea. A few smaller 
rivers, the Ugab, Swakop and Kuiseb are situated between 
the Cunene and the Orange but water from summer rains 
rarely reaches the Atlantic. 
BOTTOM TOPOGRAPHY 
The dominant feature of the bottom topography (Fig. 2) is 
a wide shelf bounded by the 200 m isobath extending some 
90 km offshore between Cape Cross (21°50•) and Conception 
Bay (23°50•). The shelf narrows nor..1:1. of Cape Cross 
tapering to within 24 km of the coast at Cape Frio (18°20'S) 
South of Conception Bay, the shelf narrows but widens 
again towards Hollam:s Bird Island (24u40'S). The isobaths 
run approximately parallel t0 the coastline over much of 
the region. However, the comparatively gE..ntly slope of 
the sea floor changes suddenly between 18° - 19°s. 
A sharp increase in depth occurs to the west cf Cape Frio, 
where the Walvis Ridge joins the African continent~ The 
shelf in this region slopes steeply from 300m to 3000 m 
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Fig. 2 Bottom top,ography of survey area 
( t :'>\) k '" 5 ;'\ ""e. TR<t-5) 
increase in depth occurs about 120 km west of Hellams Bird 
Island. A slight coastY"ard deflection of the 300 m· isobath 
is evident between Palgave Point (20°25•s) and Walvis Bay. 
STATION GRID 
An area of approximately 82,000 sq.km between Cape Frio 
and Hollams Bird Island was selected for study. The samp= 
ling grid consisted of twenty par ~llel lines of stations 
running east·-west, spaced about 32 km apart. Nine stations 
were located on each line, the four inshore stations at 
8 km intervals and the outer five stations at 16 km intervals. 
The inshore station on each line was 8 km from the coast 
and the. outer station approximately 117 km offshore. 
The survey grid was initially designed t~ accommodate extra 
stations anC. additioaal lines between the existing one~, 
to allow for an expansion of the grid to the north, south 
or seaward of the research area. The design of the sampling 
grid is outlined in more detail by King and Robertson (1973). 
The original grid (line 14, 18, 22 etc) with stations (Ol, 
02, 03, 04, 06, 08, 10, 12, 14) was adhered to through0ut 
the surveys, except for the expansion of the grid to the 
north of the area in October 1973 to include lines 2, 6, 
and 10. The lines of stations were sampled from north to 
south on a continuous 24 hour basis by the Sea Fisheries 
Branch research vessels, g . .§_. Bew:-1eJ.a or R.,S~ Sardinops. 
Sampling operations commenced at the inshore station on line 
14 i~e. 14-01 and progressed seawar~ until the last station 
(14-14) on the line had been occ'J.pied~. The vessel then 
moved south to the ou.t0r statio~1 or._ th9 sGcond line (18-14) 
and worked inshore along the l::.ne., Th9 other lines of stations 
were occupied in a similar sequence until the entire grid 
had been surveyed. The grid usua::..:J.y took from 8 - 10 days 
to complete with app~ox~mately two lines of stations being 
occupied every twenty four hours~ Some stations were omitted 
during certain months because of poor ws~ther conditions 
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or technical difficulties. The geographical position of 
each station, the mean station depth and the dates of each 
cruise are given by O'Toole (1976). The precise positions 
of a number of key coastal localities freqQently referred 
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Surface temperature was measured to the nearest 0,1° C 
using a Crawford surface temper&ture bucket (Crawford, 1968). 
The bucket was trailed over the stern of the vessel for 
approximately 10 minutes at each station. A sample for 
salinity determination was taken and the chlorinity later 
estimated in the laboratory by an inductively coupled 
salinometerD In addition, a thermo/salinograph was operated 
throvghout the cruise giving a reference picture of surface 
temperature and salinity o When the sE.mp:ing operation was 
complete:,a vertical bathythermograph dip was made to re.aord su'b= 
sui:lface temp~rature in:the upper 50 metres. No temperature/ 
depth profiles were taken in February 1914 because of 
instrumentation difficulties but for all othe.:r months• the 
distribution of temperature and salinity were drawn at 1"c 
and O,l 0 /oo intervals~ Stander (1964) showed that 
-9-
~alini ty generally does not fluctu.ate much between 
the surface and 50 m consequently the depth dist~ibution 
of salinity was not monitored during the routine cruises. 
For tho purpose of. this report, monthly vertical temperature 
sections were made only along five lines i.e. Cape Frio 
(line 14), Palgrave Point (line 38), Cape Cross (line 54), 
Walvis Bay (line 70) and Hellams Bird Island (line 90). 
RESULTS 
Because of the general sequence of hydrological events 
were similar for both survey periods, surface and sub= 
surface observations are described in detail only for 
the first survey. A comparison of these findings is 
made with the results of the second survey emphasizing 
the more noticeable differences. The monthly distribution 
of temperature and salinity for Survey I are illustrated 
in figures 3 - 6. Those for Sarvey 2 are given in figures 
7 - lOo 
HYDROLOGICAL FEATURES DURING SURVEY I. 
Late winter and Spring (August - November 1972) 
In August, a belt of cool water (12° - 14°0) lay adjacent 
to the coast with warmer water present further offshore 
(Fig. 3A), The lowest temperature (12°c) occurred insh(}re 
south of Walvis Bay and highest (l,~ 0c) offshore west of 
Palgrave Point. Low salinity water (35,1 °/oo - 35,2 °/~q) 
was found. over much of the southern region but in the 
northern off shore area 1 a tongue of highly saline water 
(35,3°/~o - 35,9°/oo) correspondi~g with the warmer 15° -
16°C water was present along the outer stations west 
of Palgrave Point (Fig. 4A). Intermediate salinity values 
of 35,2 °/oo to 35,3 °/oo were recorded over the rest 
of the area. Isolines in the north and south were orien= 
tated approximately parallel to the coast. However, in 
the central region off Walvis Bay, a deflection of the 
14°C isotherm and the 35,2 °/oo - 35~3°/oo isohalines 
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away from the coast indicated an off shDre movement 0£ 
water. Over much of the area, the vertical slopes of 
the isotherms (Fig. 5A) indicated ~he existence of a 
body of well-mixed isothermal water characteristic of 
strong upwelling. The warmest water (16°C) on the Palgrave 
Point line was present only as a shallow layer some 20 m 
deep. To the south, the vertical sections indicated 
that the warmer water was being pushed further off shore 
reaching maximum displacement at Walvis Bay. A small 
incursion of warm water from the south-west was apparent 
off Hellams Bird Island. 
Du.ring September, a pronounced eastward movement of warm 
off shore water (15° - 16° C) occurred between Cape Cross 
and Walvis Bay and off Hellams Bird Island (Fig. JB). 
The lowest temperatures were found inshore near Palgrave 
Point and just south of Walvis Bay. Surface salinities 
were somewhat lower in the north than in August (Fig. 4B). 
Upwelling was still occurring at Palgrave Point and south 
of Walvis Bay, apparently uninfluenced by the warm water 
intrusions between Cape Cross and Walvis Bay and off 
Hollams Bird Island. Figure 5B showed marked vertical 
sloping of the isotherms with little thermal stratification. 
The absence of active upwelling and the subsequent intrusions 
of oceanic water on the Cape Cross line and to a lesser 
extent on the Hollams Bird Island line had the effect 
of bending the isotherms towards the coast. Where this 
happened, the cooler 13°0 coastal Wl.ter sank to deeper 
layers and there was a tendency for weak thermoclines 
to form inshore in the upper 10 metres. The warm water 
intrusions were present as a shallow surface layer not 
exceeding 20 m in depth. In contrast 1 the upward slope 
of the isotherms on the Palgrave Poin·'.J and Walvis Bay 
lines indicated that upwelling was intense at these 
localities especially o:ff Walvis Bay where the 13°c isotherm 
was markedly displaced off shore. 
Hydrological conditions in October showed little difference 
from the previous month. Warm water intrusions were more 
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marked in the north than in the south especially with 
depth (Figs. 3c, 50). A core of warm, highly saline water 
approached the coast from the north-west. Vertical temp= 
erature sections showed that upwelling was still occurring 
at the coast on the Palgrave Point line but had weakened 
off Walvis Bay compared with '$3pte~ber (Fig. 5C). A 
significant increase in upwelling occurred on the Hollams 
Bird lsland line resulting in ithe displacement of warm water 
offshore and a wider distribution of low salinity in the 
south. The ~epth of the warm water intrusion (16~0) ranged 
from 30 - 40 m but it was further of:fsh:ore in the south. 
The distribution of temperature in N't>vember indicated that 
warm water had moved closer to the coast in the north, up= 
welling having become reduced in the S"C:Uth (Fig. 3D). Surface 
salinity values were similar to those -et Oo-tober exoept 
that the 35, 0 ° /oo .· isohaline withdrew further south and 
an intrusion of high salinity water occurred corresponding 
with 18°0 isotherm off Cape Cross (Fig. 4D). Vertical 
sections indicated that considerable stratification of the 
isotherms occurred over much of the area (Fig. 5D). Sharp 
thermoclines formed at depths of 15 - 20 metres particularly 
inshore in the northern region. Furt~er south, thermoclines 
were not as marked and were least developed off Walvis Bay. 
Beneath the thermoclines, cool 13° - 14°0 water was invariably 
present at depths of 10 - 15 metres. 
At Cape Frio, 14°0 water was only a few metres below the 
warmer 16°0 surface water. The direction of surface isotherms 
and isohalines in the northern offshore area suggested an 
east to south-east movement of water towards the coast. 
Conditions during this month were typical of the end of spring 
and announced the onset of more stable conditions character~ 
istic of the summer months. 
Summer and early Autumn (December 1972 - March 1973) 
In December, warm water extended further southwards so that 
all water north of Cape Cros was warmer than 19°0 (Fig. JE). 
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Surface salinities we.tae highest in the north (35,6 °/o~) 
and became progressively lower further south, reaching 35,2 
0/oo at Palgrave Point (Fig. 4E). An increase in upwelling 
activity was evident at Hellams Bird Island. Thermal 
structures in the upper 50 metres (Fig 6A) showed 
that isotherms were more or less horizontally stratified 
in the north. Thermoclines were most marked at depths of 
10 - 20 m inshore on the Palgrave Point and Cape Cross.Lines. 
Further south, isotherms were more steeply inclined due to 
the uplift of cooler water at the coast associated with 
a slight renewal vf upwelling activity. The distribution 
of surface isolines suggested a southerly movement of warm 
water from the north along the coast and a northerly 
flow of cooler water from the south. 
During January, water was 2 - 3 degrees cooler over much 
of the northern area. A belt of relatively cold water 
(15° 17°C) with intermediate salinity values (35t2°/oo -
.35,4 °/oo lay adjacent to the coast (Figs • .3F and 4F). 
A reduction in upwelling occarred in the south compared 
with the previous month. The water off Cape Frio was well 
mixed and a sharp front separated the warmer offshore water 
from the cooler inshore water (Fig. 6B). The almost 
vertical orientation of isotherms with depth in this region 
suggested that renewed coastal upwelling .be~twee·n .De.D.e.inlQe.r 
and January pushed cold water offshore disrupting the 
relatively stable conditions found in December. Further 
south, the front weakened and warm water advanced inshore 
as a shallow surf ace layer 20 - 30 m deep overlying the 
cooler subsurface water. Thermocline formation was marked 
in the upper 20 m at inshore stations. In general, the 
surface temperature showed isotherms being almost linear 
and parallel to the coast. In the vertical temperature 
sections, an uplift of cool water occurred in the north 
and a corresponding downward movememt of cold water in 
the south. 
In February, warm saline water invaded much of the region 
(Fig. JG, 4G). Surface temperatures were 2° - 3° 
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compare.d with January. The distribution of salinity 
showed a southeasterly movement of high salinity water 
(35,3 ~/oo - 35,5°/oo) towards the coast from the north 
west. The oceanic front ·had been pushed further.south 
and intensified in the region of Mowe Point. Although 
no vertical sections were taken during February, it 
was apparent from surface fe-atures that mixing was occurring 
associated with the front in the north, whereas more stable 
conditions prevailed in the south. 
Surface temperatures in the north during March varied little 
from those of February (Fig. 3H). In the south, however, 
temperatures were 2-4° colder. Renewed upwelling activity 
occurred south of Walvis Bay pushing the warmer offshore. 
The distribution of salinity showed a northward movement 
of 35,1 °/oo isohaline and a corresponding withdrawal 
of high salinity water (35,5°/oo) to the extreme northwest 
{Fig 4H). Intermediate salinites were found over much of 
the ·area north of Cape Cross. The oceanic front was still 
well defined between Cape Frio and Palgrave Point. Vertical 
sections across the frontal system showed that water temp= 
erature was fairly uniform with depth particularly near the 
coast (Fig. 6D). However, thermal stratification occurred 
on the oceanic side of the front at depths of 20 - 40 metres. 
The front became less pronounced further south and moved 
offshore. Compared with the northern region, conditions 
appeared to be relatively stable in the south. Marked u 
temperature gradients occurred especially inshore at depths 
of 10 - 20 metres. A slight uplift of cooler water at Walvis 
Bay suggested an increase in upwelling activity. 
HYDROLOGICAL FEATURES DURING SURVEY 2. 
The general cycle of events were basically similar to 
the observations during Survey l. However, the timing of 
water movement and the intensity of upwelling showed marked 
variations. The distribution of temperature and salinity 
is given in figures 7 to 10. 
-18-
Late winter and spring (August - November 197 3) 
In August and September, cold low salinity water occurred 
over much of the area, but was particularly noticeable 
south of Walvis Bay (Figs. 7A, B, 8A, B). Warmer 
more saline water was present off shore further north. 
Temperature sections showed marked upward sloping of the 
isotherms indicative to active upwelling. (Ftg. 9A, B). 
Warm water intrusions were not as pronounoed during these 
months as during ·the same months in 1972. 
Upwelling weakened during October 1973 and warmer more 
saline water moved inshore (Fig. 70, 80). The movement 
shorewards of the 16°0 isotherm was most prominent betweeo 
Cape Cross and Hellams Bird Island. The influx of warm 
water tended to stabilize conditions and temperature gradients 
were well established at depths of 10 - 15 m inshore (Fig. 90) 
In the north, conditions were less stable and little the.rlllal 
stratification was evident. Higher surface ~temperatures 
and well developed thermoclines in the south indicated 
that upwelling appeared t~ have declined a month earlie.r 
in 1973 than in 1972. In contrast, upwelling was more 
evident at Cape Frio in 197 3 than in 1972. 
The 16°0 isotherm advanced further inshore in November 
reaching the coast south of Wal vis Bay (Fig 7D). Considerable 
mixing of water masses occurred in the north as seen from 
the upward slope of the isotherms (Fig. 9D). A deep 
mass of 16° - 17° C water pushed the oceanic front towards 
the coast and high salinities (35,3 °/00 - 35,5 °/oo) 
were associated with this warm water intrusion (Fig. 8D). 
Further south, conditions were essentially similar to the 
month of Octobero The front moved off shore and stable 
conditions with well defined thermoclines were found. 
In general, the uplift of water was stronger and thermal 
stratification more pronounced in the north than in 
November 197 J. 
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Summer to mid -autumn (December 197 3 March/April 1974) 
Warm saline water advanced further inshore in December 
(Figs. 7E, 8E). The intrusion was particularly strong 
between Palgrave Point and Cape Cross where the 18°0 
isotherm reached the c0ast. Thermal structures in the 
upper 50 m layer showed that the front was still well 
established off Cape Frio (Fig. lOA). Southward from 
Cape Frio the front weakened and warm saline water pushed 
coastward overlying the cooler subsurface water. Strong 
thermoclines formed near the coast at depths of 10 - 15 
metres, Off shore on the Palgrave Point and Cape Cross 
lines, marked oscillations of isotherms oc-0urr~d at--depths 
of 20 - 30 metres. These upthrusts of cooler bottom water 
and the sinking of warmer subsurface water possible re= 
presented cyclonic and anticyclonic eddies formed by the 
interaction of different water masses. Thermoclines 
were well-developed on either side, of these disturbapces,. 
In the north, temperatures were 2 - 3°0 lower, thermoclin~s 
less well established and conditions generally more unstable 
than in 1972. The hydrology in the south, however,. rew.aine,d 
basica~ly similar to those found during December 1972. 
In January and February 1974, warm oceanic water (19°-20°) 
moved further inshore from the west and northwest (Figs, 
7F, G). An influx of high-salinity water (35,3°/oo -
35~8°/oo) associated with the warm water intrusion was 
particularly noticeable in the north during February 
(Fig. 8G). The water was strongly stratified over most 
of the region (Fig. lOB) and thermoclines were well-
developed, especially inshore at depths of 10-15 metres. 
Hydrological conditions were generally more stable than 
during January 197.,)o 
Although no vertical sections are available during February 
1973 for comparison with thermal profiles of February 1974, 
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During March/April, further incursions of warm saline 
water occurred from the west and north west (Fig. 7H, 8H) .. 
A core of very warm highly saline water with temperature 
of 20° - 22°c and salinities of 35,7°/oo - 35,9°/oo 
advanced southwards from Angola. The temperature profile 
at Cape Frio (Fig. lOD) showed a deep layer of warm water 
over much of the section with sharp temperature gradients 
at depths of 20 - 30 meters. The upwara slope of the 
isotherms near the coast indicated a certain amount of 
vertical water movement. At Palgrave Point, there was 
an upthrust of cooler water off shore and a corresponding 
sinking of warmer water inshore. Further south, marked 
oscillations of the isotherms and the absence of the well-
defined thermoclines characteristic of the previous month 
indicated that mixing was more widespread. There was 
evidence of a slight increase in upwelling activity at 
Hellams Bird Island. In contrast to March 197~, hydrological 
conditions were more stable at Cape Frio and Palgrave 
Point, but, uplifting of subsurface water and mixing was 
more pronounced in the south. The higher surface salinities 
encountered in the south during March/April 1974 could 
indicate a more southerly displacement of the intermixing 
zone between the Angola and Benguela Current. 
DISCUSSION 
The gross seasonal movement of water masses and the diss 
tribution of surface temperature anJ salinity appeared 
to be consistent for both surveys~ The findings in general 
agreed with those outlined by Hart and Currie (1960) and 
Stander (1964) summarized in the introductory review. 
However, a closer examination of the hydrological features 
showed that considerable variations occurred in the 
timing of seasonal events. The ~ones of upwelling were 
subject to monthly change both in location and intensity. 
For example, strong spring upwelling ceased a> month earlier 
in the south during October 1973 than in October 1972Q 
In contrast, upwelling persisted in the north until 
-25-
December 1973, but in 1972, upwelling o.eased in November 
(Figs 6A 1 lOD). During survey 1, the oceanic front 
was weaker and developed two months earlier, in November 
(Fig. 9D). It is also significant that when upwelling 
occurred in the south, warm water invariably advanced 
towards the coast in the north. Conversely, if cooler 
water upwelled in the north, an influx of warmer oceanic 
water resulted in the south. When upwelling occurred 
at two locations simultaneously, as in September 1972 
(Fig. 3B) 1 warm water was drawn inshore between the tw:") 
centres to replace the upwelled water. Regional oscillations 
between upwelling and warm water intrusions appeared con: 
sistently in both horizontal and vertical sections. 
Currie (195J) and Stander(l964) noted that two distinct 
surface water masses with relatively sharp boundaries, 
occurred off the South West African coast~ The surface 
water inshore was cold with salinities of 34,9°/oo -
35,1°/oo and the offshore water· was warm with salinities 
greater than 35,2°/oo. A certain amount of mixing between 
the two water masses was suggested. In this investigation, 
surface termperature and salinity patterns showed the 
existence of three fairly distinct bodies of surface water. 
1. 
Cold low salinity surface water characteristic of upwelled 
or recently upwelled water occurred mainly in the south= 
ern regiono In spring, surface temperatures ranged from 
12° - 16°c and in Summer they varied from 14° - 18°c. 
Salinities were invariably low (34,9°/oo - 35,1°/oo. 
In January 1973, exceptionally high surface temperatures 
(19° .... 20°0) ahd low Ealinities (35,1°/oo - 35,2°/oo 
were encountered inshore south of Walvis Bay (Fig. 7F). 
However, the vertical termperature section at Walvis 
Bay (Figo lOB) showed that cooler water 13° - 15° C 
was present a few metres below the surface. The high 
·surface temperature in the south during this month could 
-26-
have been caused by increased solar "Mdiation warming the· 
surface layers. 
2. 
In the north-west sector of the research area off Cape 
Friot a warm highly saline water mass, periodically 
advanced towards the south-east and retreated to the 
north-we st. The water had ·,temperature and salinity 
properties of 17° - 22° C and 35,5°/oo - 35,9C/oo. 
The incursions~ were most pronounced during summer months 
and its north/south displacement appeared to be related 
to the intensity of upwelling in the south {Figs. 3F,G, 
4F,G). 
The remaining body of surf ace water had intermediate 
temperature and salinity properties ranging from 
approximately 16° - 20°c and 35, 2° /rJ:o - 35, 5° /oo. The 
water mass usually advanced towards the coast from the 
west between 19° and 22°s. The surface termperature and 
salinity characteristics suggest that the water ooula 
be South Atlantic surface water. These intermediate 
properties could also result from mixing between the 
cold Benguela Current from the south and the warmer 
Angola Current from the northo 
Although intrusions of this surface water occurred 
during spring months (Figs. 3B, 70, D), the greatest 
inshore movement took place in summer (Figs,3E,F, 
7E,F). Again, the degree of movement inshore was 
related to the intensity of upwelling near the coast. 
To summarize, the general water movements off the 
coast consisted of a rather complex series of advances 
and withdrawals by three water masses with a possible 
mixing at the boundaries. Off Cape Frio, warm highly-
saline water was present off shore in spring, but 
-27-
advanced in a south/south-easterly direction in summer. 
In spring, oceanic water with intermediate properities · 
lay offshore over much of the northern area, but pushe·d 
towards the coast during summer. In the south, Benguela 
Current water advanced northward in spring and retreated 
towards the south in summer. Because of the general 
uniformity in bottom topography it was difficult to relate 
the movement of water to any noticeable feature on the 
sea floor. However, it was noteworthy that off Cape Frio, 
the warm saline oceanic water intruded over the region 
where the continental shelf sloped steeply. Furthermore, 
the orientation of surface isolines in the north-west sector, 
particularly the isohalines, were remarkably similar to 
those of the isobaths (Figs l, 4, C-H,8,C-H). In the 
south, a similar situation was observed offshore between 
Conception Bay and Hellams Bird Island, aLthougb. not as 
pronounced as at Cape Frio. In this region, periodic 
intrusions of off shore water took place in a north 
easterly direction over an area where a significant increase 
in depth occurred (Figs. 1, 3,AB, 4A,B, 8E). 
Cyclonic and anticyclonic eddies were prominent features 
during the summer months, particularly off Palgrave Point 
and Cape Cross. (Figs. 6B,D, lOA). 
It can be concluded that the localized short term effects 
of upwelling and mixing, govern to a large extent, 
the thermal structures in the upper 50 m layer. The 
seasonal intrusions and withdrawals of offshore water are 
in turn apparently related to the dynamics of upwelling 
and the intensity of the interaction between the north• 
ward-flowing Benguela Current and the southward-flowing 
Angola Current. 
Although it is not known.how much variation in temperature 
occurred between cruises, the overall seasonal pattern 
suggested a gradual thermal change rather than the often 
extremely rapid and short term variations characteristic 
of the Cape upwelling system. (W.R.H. Andrews, Sea 
Fisheries Branch. E..~ .£2.!!!!!1•) 
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The results of the investigaLion show the need for 
further studies on the mechanisms an.d dynamics responsible 
for the gross seasonal fluctuations in hydrological 
conditions~ Regular systematic temperature, salinity 
and current measurements throughout the water column, 
particularly off Cape Frio, and in the upwelling area 
south of Walvis Bay would contribute greatly to the 
oceanography of the region. 
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The pilchard, Sardinops ocellata Pappe, is widely distributed 
aroi.md the coast of Southern Africa, from Baia dos Tigres in 
Angola to Durban ( Natal ) on the east coast of South Africa 
( Davies I956 ). The species is the basis of an import~t 
pelagic fishing industry, particularly in South West African 
waters where large shoals are heavily exploited by local 
fishing vessels from Walvis Bay. 
Other smaller fishing centres are. located in southern Angola 
( Mossamedes ) and off the west coast of South Africa (St. 
Helena Bay). In recent years, landings of pilchard at 
Walvis Bay have fluctuated considerably, increasing from 
637,675 metric tons in I964 to 1,5 million tons in I968, 
then decreasing sharply to 450,000 tons in 1970 (Schtilein 
I971). In 1974 the catch amoi.mted to 561,558 metric tons. 
Extensive research h~s been carried out on many aspects of. 
the general biology of the pilchard. Davies ( I954, 1956, 
1957 ) studied the biology, sexual maturity and reproduction 
of the South African pilchard. The age composition and 
growth of the South West African pilchard was investigated by 
Nawratil ( I961, 1962 ). Matthews ( I963) studied the 
sexual development, condition factor and reproduc~ion of the 
pilchard from the Walvis Bay fishing groi.mds. The relation 
between temperature and spavming was analysed by Stander 
(I963) and Le Clus (1976) reported on the feci.mdity of the 
South West African pilchard. 
The stocks from South West Africa and South Africa are 
generally considered to be separate entities. Stander and 
Le Roux ( I968 ) foi.md no evidence of large scale movement 
between the two regions and tagging work by Newman (I970) 
showed the independent nature of the two stocks,· although 
a very slight southward migration was suggested by some 
returns. A more recent study by Thompson and Mostert 
(I974) concluded that the pilchard population aroi.md the 
coast of Southern Africa consisted of several stocks 
breeding in isolation •. 
2. 
Research work on the early life history of the South West 
African pilchard has been mainly concerned with the 
seasonality and distribution of eggs ( Matthews I963, Stander 
I963P King I977 in press). However, other aspects, such 
as, egg development in relation to temperature, salinity and 
oxygen have recently been studied by King·(I975). In contrast 
to the egg, there is little known about the distribution and 
ecology of the larval stages. 
The South West African Pelagic Egg and Larval Survey (SWAPELS) 
was carried out between August I972 and March I973 and from 
August I973 to March/April I974. The research area and the 
approximate location of stations are shown on Figure 1. 
Additional information on the depth and precise positions of 
the stations is given by O'Toole (I976). Pilchard larvae;/ 
were common in the plankton collections, constituting !2 1~ ~ 
percent of all species taken on the two-year survey and 
ranking second in order of abundance. The larvae comprised 
3,75 percent and I?,48 percent of all fish larvae collected 
on Survey 1 and Survey 2 respectively. Some preliminary 
findings on egg distribution and seasonality of pilchard eggs 
taken during the same surveys have already been outlined by 
King (1975). This ·report is mainly concerned with the larval 
stages and deals with such aspects as seasonal distribution, 
abundance, diurnal variation in catches, hydrological 
relationships, growth and dispersal. Some information is 
also given on the vertical distribution of the eggs based 
on a series of separate observations conducted in I975. 
~fA~ER!A·.~ AND METHODS . . . 
Collecting Gear 
Routine ichthyoplankton samples were collected with cylindro-
conical paired Brown-Mc Gowan bongo nets similar to that 
described by Posgay et al ( I968). Each unit had a mouth 
diameter of 57 cm, givi~ a convenient mouth area (0,5m2) 
for calculating the volume of water filtered. During Survey 



















38 ·' I POINT 
I . \. 
21° 
' 50. \' 
' 54 ,. 
0 
22 58 '\ 
BAY 
62 ' I 
66 
2 3° 70 ' ,. .... 
74 , I, 
78 I I -
0 I BAY 24 82 ,\ 
I 
I 
86 I .... I 
I - - _.oooo 








0 0 0 0 0 
16° 10 11 12 13 14 15 
Fig. 1 Location of routine stations occupied during the S WAPE LS 
cruises in 1972/73 and 1973/74 
4. 
nets·, but on Survey 2, 0, 940 mm mesh was used on the left unit 
and 0,500 mm mesh on the right unit. 
+ 
A digital flowmeter was suspended in the mouth of each 
sampler .to measure the volume of water f_il tered during the 
tow. 
A detailed description and illustration of the bongo assemblage 
used in this investigation is given by King and Robertson (I973a). 
A bathykymograph was attached to the towing cable immediately 
above the aampling unit to measure the time-depth profile of 
each haul. The temperature profile within the sampled depth 
was measured with a bathythermograph suspended beneath the 
bongo unit. The net assemblage was submerged to the required 
depth with a 45 kg weight attached at the end of a wire of 
IO mm diameter cross-section. 
A smaller bongo unit of similar construction, but equipped 
with 0,300 mm mesh was used at selected stations together with 
the larger sampler. This net was designed to collect anchovy 
eggs but proved to be only of limited value because of the 
small mouth area and the frequent clogging of the fine meshes 
with phytoplankton. The results of this survey are based 
on the catches from the larger 57 cm bongo nets. 
Sampling Procedure 
It is a known fact that the eggs and larvae of mainly marine 
fish lie in the upper 50 metres of the water column,(Silliman. 
I943, Sette I943, Ahlstrom 1959, Miller~ l!11963, Ida !972), 
thus, only this surface layer was sampled. 
A double oblique tow to a depth of 50 m was made at each 
station except where the depth at inshore stations was less 
than 50 m. Hauls were then taken to within a few metres 
of the bottom. The net assemblage was lowered over the stern 
of the research vessel and seventy-five metres of cable was 
paid out at a rate of 0,3 m/sec. Thirty seconds was allowed 
for stabilization before the gear was hauled to the surface at 
the same rate • 
... 
General Oceanics Inc, San Diego, Calif. 
5. 
Throughout the tow, the wire angle was maintained at about 
45° and the ship's speed at approximately 2 knots, The 
duration of each haul was timed with a stop watch and 
averaged between eight and ten minutes. Samples of sea 
water were collected at all stations for surface temperature 
and salinity measurements. An account of the methods used in 
the collection and analysis of physical parameters is given 
by O'Toole ( I977a ). 
Treatment of Samples. 
The nets were washed after each tow to remove any plankton 
adhering to the meshes. Samples were transferred to a IO 
litre bucket containing seawater where large zooplankters, 
such as medusae and salps, were washed and removed, The 
remaining plankton was concentrqted by filtering through a 
0,500 mm mesh sieve and transferred to storage jars, Plankton 
samples were topped up with seawater, labelled and preserved 
with IO% buffered formalin. In the laboratory fish eggs 
and larvae were extracted from each sample with th~ aid of a 
stereo microscope and pilchard and anchovy eggs separated 
from other fish eggs and counted. Where the number of eggs 
in the sample was excessively large, a Folsom Splitter (Mc 
Ewen .§.1 ~ I954 ) was used to obtain a subsample. All fish 
larvae were counted. 
Larvae of the commercially important species were identified 
and measured to the nearest millimetre, using a binocular 
microscope equipped with an ocular micrometer. Larger 
larvae and juveniles were usu~lly measured on a finely-graduated 
millimetre rule with the unaided eye. During preservation 
in formalin, fish larvae are knovvn to shrink about 10-12 p.ercent 
in length ( Blaxter I968), but this was not corrected for 
during length measurements. Since the lg,rvae were preserved 
and measured in the same way.during each month, the lengths 
are assumed to be comparable. 
6. 
Quantification of Samples. 
In order to quantify the results, the number of eggs and larvae 
collected at each station was standardized to the number under 
2 ' 
IO m of sea surface. Such a procedure is usually recommended 
to obtain a meaningful integration over an area. . The method 
for standardization is given in greater detail by Kramer et al --(I972), but it is briefly summarized below. 
The actual catch for each unit of the bongo net was multiplied 
by a standard haul factor using the mean value for both nets 
to represent the numbers per IO m2 at that station. 
The standard haul factor (SHF) was derived for each tow as 
follows~-
SHF IOD -v 
where D == average depth of haul 
( in metres) 
V -· total volume of water 
filtered (in cubic 
metres) 
The total volume of water filtered was determined by 
multiplying the number of revolutions of the flowmeter during 
the haul by the mouth area of the net ( in square metres) and 
the length of the water column needed to effect one revolution 
of the flowmeter at an average speed of 2 knots• The latter 
parameter was obtained from calibration charts drawn up for 
individual flowmeters before each cruise. 
The mean volume of water filtered by the left and right nets 
varied between 27 m3 at some inshore stations and I35 m3 at an 
offshore station , but averaged I03 m3 ( Standard deviation 
30 m3). 
Net Clogging 
Clogging rarely occurs in nets constructed of meshes with 
operture openings of 0,500 mm or larger, provided the nets 
have a ratio of aperture area to mouth area of 5 to 1 or 
greater ( Smith .21J!!,1968). 
The nets used on the SWAPELS cruises had meshes of 0,940 nnn 
and 0,500 mm and the ratio of ~perture area to mouth area was 
approximately 14 to 1 for both nets. The estimated filtration 
efficiency of the 0,940 mm mesh net used during Survey 1 was 
approximately 95 percent ( King and Robertson, !973 a ), Since 
one of the 0,940 mm mesh nets was substituted by a net with a 
finer mesh ( 0,500 mm ) on the second survey, it was possible 
that differential filtration efficiency between nets could 
have taken place while sampling. 
To test whether the volume of water filtered by the left and 
right units of the net differed significantly, the data from 
I80 hauls selected at random was compared using the two-tailed 
paired-sample t test ( Zar, 1974). The results were as 
follows:-
d = 0,68 • , Sd = 0,5938 • , t=1,145 
The test shows that filtration or clogging did not differ 
significantly at a probability level of between 0,2 and 
0,3. 
Extrusion 
Small fish larvae often pass through the aperture of netting 
material causing the numbers of larvae to be underestimated. 
The rate of escapement depends directly on the speed of the 
tow as well as the size of the meshes ( Vannucci I968, Leriarz 
I972). In order to reduce extrusion and at the same time to 
prevent net avoidance of larger larvae during routine sampling, 
a towing speed of about 2 knots is generally recommended.. 
( Ahlstrom~~ 1973). 
8. 
Extrusion is often high for thin-bodied larvae, such asf 
pilchard and anchovy, which would pass more easily through 
the meshes. Consequently, a greater underestimation of . . 
abundance of these species is to be expected. In the 
SWAPELS collections, pilchard and anchovy larvae less than 
5 mm in length were poorly represented in the sqmples, while 
small hake and maasbankcr larvae,of the same size range, 
were better retained, presumably because of their deeper and 
more robust bodies. ~or exarnple, of all the larvae collected 
during the two year survey, only I5,5 percent of pilchard and 
8,6 percent of anchovy measured less than 5 mm. In contrast, 
over 46 percent of maasbanker larvae and 50,8 percent of .hake 
specimens taken in the samples were smaller than 5 mm. This 
indicates that many of the smaller larval stages of pilchard 
and anchovy were probably lost due to extrusion through the 
meshes. 
Since a finer 0,500 mm meshed net was substituted for one of 
the coarser 0,940 mm nets during the second survey, it was 
expected that greater numbers of smaller larvae would be 
reflected in the combined catches compared with Survey 1, 
However, the number of small larvae captured by the 0,940 mm 
and 0,500 mm meshed nets during tows did not show any constant 
differences. Large collections of' sm-:::i.11 stages were often · 
captured by the coarse meshed net, while low numbers were 
recorded simultaneously in the finer meshed net and vice 
versa. 
To determine vtl1ether there were significant differences in 
catches of small larvae between the meshes, a two-tailed 
paired-sample t test ( Zar - 1974 ) was applied to catch data 
for four species from 20 independent hauls. The sc:i..mples 
for analysis were selected at random from areas of high 
concentration of larvae.. The results were as follows:-
Pilchard : d = 3,45 ; Sd = I,89; t = I,7424 ; 
Anchovy : d = 4,15 : Sd = 3,92; t = 1,0585 
Maasbanker: d • 1,64 ; Sd = 19 84; t = 1,0585 ; 
Hake : d = 2,68 ; Sd = 2,43; t = 1,1029 
-.3 <?<·it 
. a< p ( 03 
9. 
The test showed that the catches of small larvae (those less 
than 5,0 mm ) did not differ significantly at the 0,05 level. 
The catches of pilchard larvae, however, were close to the 
set significant level. ( 0,05 ). A possible explanation for 
the large fluctuations in catch rat~ of the two. different 
meshed-nets of the Bongo unit c.ould be· a patchiness or random 
spatial distribution of newly hatched larvae in the plankton. 
King and Robertson ( 1973 b ) also attributed the variation 
in pilchard egg numbers between nets to patchiness in egg 
distribution. 
Distribution Charts 
Seasonal distribution of larvae is presented as contoured 
shaded charts. Isopleths were prepared in the standard 
manner assuming a linear density gradient existed between 
pairs of stations. Logarithmic contour intervals were 
used to minimise any differences between stations caused 
by variability in numbers and net perform~. 
Identification of the Egg 
Davies (1954) described the egg and general development from 
Cape waters. Hart a.n:d Marshall (I951) illustrated pilchard 
ova col-lected off South West Africa and King (I975) recently 
described pilchard egg development from the same region. 
The egg is spherical with a smooth transparent membrane, a 
large perivitelline space and a single oil globule. The 
yolk is small and irregularly segmented. Measurements of 
eggs given by the above authors range from I,17 to 1,91 mm 
with a mean diameter of approximately I,70 to I,82 mm. The 
oil globule measures approximately 0,18 mm in diameter. 
Identification of the Larvae 
Pilchard larvae were identified during the course of the 
investigation from the diagnostic characters outlined by 
E.H. Haigh and A.E. Louw ( South African Museum personal 
communication). 
10. 
The most useful distinguishing features are the position of the 
anal fin in relation to the dorsal fin and the location of the 
mandible and maxilla in relation to the eye. The origin of 
the anal fin is well behind the posterior end of the dorsal 
fin. The mandible extends no further than the middle third 
of the eye and the maxilla terminates vertically below the 
anterior border of the eye •. Myomeres usually number between 
48 and 50 although complete counts are difficult to obtain in 
the newly-hatched specimens. 
These characters are most useful when identifying larvae longer 
than 6,0 mm. Newly hatched pilchard larvae are typically 
elongated and thread-like with a posterior anus. The smaller 
specimens can sometimes be confused with recently hatched 
anchovy larvae, especially if individuals have been damaged 
during collection. Nevertheless, since pilchard and anchovy 
spawning was found to differ considerably, both in time and 
locality, confusion over the identity of the smaller stages 
may be regarded as minimal. Generally larvae less than 5,0 mm 
were poorly represented in the samples and consequently there 
was little possibility of large numbers of newly hatched 
specimens of both species occurring together 
The development of pilchard larvae from the Cape Peninsula has 
been briefly described and illustrated by Davies(I954). Hart. 
and Marshall (1951) illustrate. a newly-hatched larva and 
post-larva from South West Africa. A more complete 
description of pilchard larval development from the yolk-sac 
stage to the juvenile is given by Louw and O'Toole (1977). 
R E S U L T S 
Depth Distribution of Eggs 
It was assumed during the course of the routine collections 
that pilchard eggs occurred predominantly in the upper 50 
metres and that those taken within this column were 
representative of the vertical distribution of the eggs. 
This assumption was based on the results of Silliman (1943) 
and Ahlstrom (I959) who observed that the eggs of the 
11. 
pacific sardine §.. caerulea occurred mainly in the 0-50 m 
layer. 
Analysis of the depth distribution of pilchard ee;gs was not 
attempted until later. On Jonuary 15 1975, large 
concentrations of pilchard eggs were taken in a surface tow 
net by the R.S. Benguela approximately 35 km west of Swakopmund. 
I -- -
The location of capture roughly corresponds to station 66-04 on 
the routine SWAPELS grid (Fig. I). A free drifting drogue was 
launched on the spavming site in order to stay with the same 
water mass during the experiment. Pilchard eggs were colleot-
ed simultaneously at a series of depths from the surface to 
75 m, using nine samplers similar to those described by 
Miller (I961). A description of the nets and the methods of 
operation is given by O'Toole (I977). 
A total of thirty hauls were taken over a period of three days, 
samples being collected at three-hourly intervals. Nets were 
towed at a speed of 2 knots for the duration of one hour in 
random directions within 1 km of the buoy. Every six hours, 
temperature, salinity, oxygen and.chlorophy11 were measured 
.at depths of o, 5, IO, 20, 30, 40, 50 and 75 metres, 
At the end of each hault eggs were extracted from the samples 
and counted. The average depth range fished by each net was 
interpreted from the bathykymograph traces. 
A total of 472 pilchard eggs were collected from thirty hauls 1 
Eggs were found over the entire depth range from the sur~ace 
to 75 metres. The numbers of eggs found at various depth. 
ranges are given for each haul in Table 1. Although pilchard 
eggs were taken at all depths, approximately 75 percent of the 
total collected were found in the upper 20 metres of water. 
( Fig. 2A ) • Egg abundance showed a sharp decline with · 
increased depth, only 6 percent of the total being taken below 
50 metres •. 
12. 
TABLE l: Depth distribution of pilchard eggs collected off 
Swakopmund between !5-18 January, I975·, 
~-------- - -; i ·-· - ! 
1 '3ta~ion ~-~_p~h B™SL~A.Jn.etres ) ... ___,___ i 
; series 1 0-5 i 5-1 o I 10-20 I 20-30 j 30-40 40-50 50-75 Tot°aIT 
i-,_ __ 1 - I -----;-1s-r-5 I 4 I 9 t,. 1 30 -t 
2 I 1; I ; I . 14 '1 0 l 0 0 0 40 1 
! 3 1 3 3 0 I 1 I 3 0 0 20 
4 9 0 1 . 0 1' 4 0 0 14 
5 6 7 1 0 0 6 4 24 
6 25 30 12 o I 2 o 2 71 
1 o o o o I 1 2 o 3 
8 o o 3 o I o 1 3 7 
9 4 1 12 0 0 4 0 21 
1 0 3 0 1 3 4 7 2 0 29 
11 4 17 6 4 0 3 1 35 
12 2 0 1 3 1 0 0 7 
13 2 0 0 0 1 1 0 4 
14 4 0 0 0 0 0 4 8 
15 0 0 0 0 0 0 0 0 
16 10 1 4 2 0 1 1 1!'1 
17 3 1 1 0 0 {) 1 6 
18 15 0 1 3 1 0 0 20 
19 0 6 1 1 0 0 .1.· 5 13 
20 12 l 0 1 2 1 2 0 ; 
21 1 3 0 1 0 I D 7 
~~ ~ I ~ ~ ~ ~ : I ~ : 
24 2 1 7 1 o o I 2 13 
25 8 13 13 2 2 0 l 1 39 
26 I 3 3 0 0 0 I 0 6 
27 I 3 4 2 1 0 01 ,I 01 1 02 
28 l 0 . 0 0 0 0 
. 29 I 0 I 0 0 0 . ; 0 0 ! 0 I 0 J 
L3o ___ U-µ 
1 
o µ_+ __ o, l o _Lo I o _ 
L~~141 : ~~J 108 · 1 28 1 34 _130 J_~_! 472 _ J 
13. 
~he complete <lepth distribution o~ eggs was not covered but it 
may be assumed that some eggs would have been found deeper than 
75 metres. Nevertheless, the decrease in egg abundance with 
depth at most stations suggested that pilchard eggs were less 
abundant in the deeper layers. 
The observed depth distribution was simil~r to the vertical 
distribution of p1cific sardine eggs. Silliman (I943) reported 
that sardine eggs were taken almost exclusively in the upper 
50 metres of water but were most abundant in the top 20 metres. 
Ahlstrom (I959) also found that pacific sardine eggs were most 
numerous in the 0-50 m layer and were sometimes taken in large 
quantities close to the surface. 
Depth Distribution and Hydrology 
Environmental parameters Were generally similar at the ten 
hydrological stations which suggested that all the sampling 
was carried out in the same water mass. Salinity showed 
little variation with depth and ranged from 35,00°/oo at the 
surface to 34,90°/oo at 75 metres. In contrast, the mean 
values for temperature, oxygen and chlorophyll "a" dropped 
sharply with depth ( Figs• 2 B - D ) • Above the thermo.cline 
( approximately 20 m ), the water was relatively warm,well-
oxygenated and with a high chlorophyll "a'i content, while in 
the region of the thermocline temperature, oxygen and 
chlorophyll "a11 decreased rapidly. Pilchard eggs were also 
most abundant above the thermocline but decreased in numbers 
below the thermocline and chlorophyll ~:nxirnun layer, where 
the cooler less-oxygenated water was encountered. Most 
of the eggs 
parameters: 
chlorophyll 
occurred over the following 
o oC • temperature 14,5 -15,8 ' 
3,8-5,8ml/m3~ 
range of environmental 
oxygen 3,8-7,4 ml/1; 
King (I975) observed the effects of temperature, salinity 
and oxygen on the development of South West African pilchard 
eggs in the laboratory and reported that optimal conditions 
for successful incubation were within the temperature and 
salinity ranges of I6-21°c and 33-35°/oo respectively, where 
the oxygen content exceeded I ,5 ml/l. A decrease in oxygen 
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15. 
Ahlstrom ( I959 ) ·showed that the depth of the thermocline was 
an important factor in determining the vertical distribution of 
pacific sardine eggs. High numbers of eggs were taken close 
to the surface when the thermocline was shallow1 while eggs 
were more abundant over.a greater depth range if the thermocline 
was deeper. 
The results of the present investigation indicated that 
conditions in the upper 20 m were apparently favourable for 
developing eggs. Temperatures were relatively high, and the 
water was well-oxygenated. In addition, there was a high 
chlorophyll na" content, which suggested that adequate food 
was available for newly hatched larvae. 
If the depth distribution of pilchard eggs is closely related 
to the depth of the thermocline then the absence of a 
thermocline may result in a wider and, perhaps, deeper 
distribution within the water column. Thermal stratification 
is a seasonal feature off the South West African coast and 
is usually pronounced in summer months ( du Plessis 1967; 
O'Toole I977 a ) • During late winter and spring, the water ts 
generally isothermal with depth and considerable pilchard 
spawning takes place during this period ( King, I977 in press ), 
It is possible therefore that eggs spawned during spring may 
be more abundant at deeper levels than those resulting from 
summer spawning. 
Distribution and Seasonality of the Larvae 
Pilchard larvae were common and widely distributed over the 
whole research area during both surveys. The geographic 
distribution of the larvae closely resembled the egg 
distribution described by King ( 1975). 
Approximately 98 percent of all the larvae collected during 
the two-year investigation were taken between Mowe Point and 
Sandwich Harbour ( lines 30 to 74 ). Abundance decreased 
to the north and south of this area. The percentage of the 
total number of larvae tal{en in the different sectors of -the survey are summarized in Table ll• 
, 
TABLE II : 
16. 
The percentage of larvae collected in the 
differen-t sectors of the research area. 
·r~·-------------------------··--~· ·-------·------··-··· -·-
i 
I Area Station 
line 
I-972/73 1973/74 1972/74 
I 
I 
·~---------------""7"-----___, ____ _..,. ________ _, 
! 
j 
! Cape Frio - Mowe Point 
Mowe Point - Palgrave ~oint 
Palgrave Point - Henties 
Bay. 
Henties Bay - Sandwich Hb. 





30 - 42 
46 -58 
162 - 74 










I o, 1 0,2 
I 
Pilchard larvae were caught within 6 km from shore and up to 
II2 km offshore but 98 percent were taken at distances greater 
than 20 km from the coast. Greatest concentrations were 
found between 30 and 50 km offshore. 
The regional distribution of larvae was adequately covered to 
the north and south but the seaward distribution was not 
entirely encompassed. However, the occurrence of 1arvae to 
the west of the research area was probably low~ since larval 
abundance generally fell off towards the outer limit of the 
sampling grid, The percentage occurrenee of pilchard larvae 
in relation to dtstance from the shore i.s· given in T.al:ile fI!A. 
TABLE fil : 
Distance from 
IO km or less 
10 - 20 km 
20 - 30 km 
30 - 50 km 
50 - 100 lan 
100 km or more 
The percentage occurrence of pilchard larvae 




1972/73 ' !972/7 shore I 
0,7 o, 1 o, 1 
I 9,5 0,6 1,4 
I 55,9 12,9 16,9 ! 
I 21,9 35,3 34,0 10,9 42,4 39,4 
1 , 1 8,8 I 8, 1 
I '··-·------- I I _.._.,_ ________ j 
17. 
The overall distribution was similar for both years (Figs. 3 
and 4), but larvae were much more common in the plankton 
during the second survey. T.he centre of abundance in I973/74 
also exte.nded over a much larger area to the north and south 
than in r972/73. 
Pilcharcl larvae occurred in the plankton from September to 
March during Survey 1 and from kugust to March/April in Survey 
2. Over 70 percent of the total number of larvae collected 
in !972/73 were ta~en in spring ( September to November ), 
whereas approximately 80 percent of all larvae were found in 
summer months and early autumn ( December to March/April ) 
during !973/74. 
SURVEY 1 ( August 1972 to March I973 ) 
Monthly distribution and abundance charts of pilchard larvae, 
together with surface temperature features, from the period 
August I972 to March I973 are shown in Figure 5. A siJmmary 
of the monthly hauls and abundanc€ of larvae is given in -Table .!Y• The size composition o~ specimens collected for 
each month is shovm. in Figure 6 • 
In August, only two larvae were ·taken in the plankton, 
appr.aximately IO lon west of Cape Cross• The specimens were 
6 rrnn and 8 rrnn in length and pro"bal:;)ly hatched from i~olated 
eggs spawned in early August. 
Large numbers of pilchard larvae were captured during 
September in coastal waters north of Walvis Bay making up 
more than 50 percent of the total collected during the 
eight month survey. Greatest concentrations were found 
north west of Cape Cross about 30 km offshore. Larvae 
measured between 3 and 25 mm in length but consisted mainly 
of the larger size classes. Ahlstrom (1954), roughly 
estimated that larvae of the Pacific sardine Sardinops 
.£§.§Lrulea required I-2 months to complete development, 
depending on temperature. He also suggested that a larva 
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20. 
Assuming a similar developmental rate, then pilchard larvae 
collected in September were bet·ween I and 4 weeks old and 
resulted from considerable spawning in August. 
. / 
Du.ring October, larvae were less numerous in the plankton 
and were found in scattered patches further north, bet·rveen 
Mowe Point and Cape Cross. The larvae were predominantly 
from the larger length groups ( I2 ~ 26 mm ) some of which 
probably represented the same population sampled during 
September. 
In November, larvae were found further south in coastal 
waters between Palgrave Point and Walvis Bay. The length 
composition ranged from 8 to 26 mm and indicated renewed 
spawning in October. 
Pilchard larvae were scarce in the plankton during December. 
Only eight specimens of mixed sizes ( 5 - 21 mm ) were 
taken on the entire cruise and were found in offshore waters 
to the north of Palgrave :Point• 
In January, larvae were slightly more common and occurred 
mainly in the north between Cape Frio and :Mowe Point. Some 
scattered individuals were found in the south at both inshore 
and offshore stations. The presence of smaller length groups 
suggested renewed spavming in the north some time. in l.ate 
December. 
Pilchard larvae were again common in the north during February 
and consisted mainly of small specimens between 4 and I2 mm in 
length. The centre of abundance occurred 30 to 80 km offshore, 
between Mowe Point and Palgrave Point. 
In March, the reappearance of recently hatched specimens 
around Walvis Bay indicated renewed spavvning in the south 
during late February/early March. A few isolated larvae 
were captured in the.north but they consisted primarily of 
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Fig. 6 Length composition of pilchard larvae collected 
during the survey cruises August 1972 to 
March 1973 
TABLE IV : -
r·· 
23. 
A summary of the monthly hauls.and abundance 
of pilchard larvae I972 - 1973. 
I Cruise Dates No.of hauls No.pf positive 
taken hauls 
No ~of Mean no 
larvae of 
--·-~ 
% of I 
total 1· 




August 21-31 126 
September 15-20 126 
October 15-22 156 
November 11-19 180 
December 5-14 180 
January 13-21 
1 February 14-24 





















SURVEY 2 ( August I973 to Mar.ch/Awil I974 ) 
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Pilchard larvae were collected in the plankton throughout the 
survey period but were more abundant and widespread during 
I 
summer and early autunm. Larval distribution, abundance and 
temperature for each month is illustrated in Fiouure 7 . and abundance --in relation to monthly hauls is sum.marized in Table v. Length -composition.of the larvae caught during each cruise a:r-e. sho1G1t1. 
in Figure 8. 
In August, a few isolated individuals ranging from IO to 20 mm 
in length were taken in samples north of Cape Cross. 
Pilchard larvae were more common in the plankton during 
September and again occurred in the north between Mowe Point 
and Cape Cross. Approximately 80 percent of the specimens 
were :newly-hatched, probably resulting from eggs spawned in 
late August-early September. 
24. 
During October, larvae were taken further north, between Mowe 
Point and Palgrave Point. The majority consisted of yotlnger 
stages derived from late September/early October spavvning. 
Distribution in November was similar to that of October. Larger 
size groups were, however, more plentiful and may have 
represented the same coho\\t ,: of larvae sampled in October. 
A noticeable decrease in abundance was evident during the mont~ 
of December. Only eleven specimens ( 6 - 15 mm ) were caught 
at scattered offshore localities between lVIowe Point and Walvis 
Bay, The decline in larval abundance in December suggested 
that spawning was at a minimum between late Novembe:; and 
early December, 
In January, pilchard larvae were very abundant, especially 
south of Cape Cross, and were caught in the whole inshore/ 
offshore range. Highest densities were found approximately 
45 km west of Walvis Bay and 90-112 km offshore between Mowe 
Point and Palgrave Point. Some newly-hatched individuals 
were present in the samples, but the majority consisted of 
I2-16 mm specimens, probably resulting· from an increase in 
spawning activity towards the end of December. 
Larvae were not as plentiful in February but were found mainly 
offshore over a wide area from Mowe Point to Conceptio~ Bay, 
Specimens collected during this month were predominantly larger 
forms measuring from 12 to I6 mm in length resulting from eggs 
spawned in early January. 
The March/April cruise produced the largest catches of the 
eight month survey. Larvae were exceptionally abundant and 
widely distributed in the offshore waters between Mowe Point 
and Cape Cross. Dense concentra.tions of pilchard larvae 
were found over a wide area to the west of Palgrave Point. 
Isolated individuals were also taken offshore south of Walvis 
Bay. Most of the specimens captured during March/April 
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Fig· 8 Length c omposi ti on of pilchard larvae collected 
during the survey cru1 ses August 1973 to 
March I April 1974 
j 
27. 
TABLE V • A summary of the monthly hauls and abundance of - • 
pilchard larvae I973 ·- I974. 
i---- --------~- --7 
Cruise No.of No.of No·. of larvae Mean no. % of total 1 
dates hauls .positive collected of larvae collected. 
hauls per IO m 2 
August I4-19 [126 6 7 6' 1 o, 1 
September 9-15 ·135 8 96 66,8 1, 1 
October 17-23 180 19 154 36,9 1,7 
November 10-18 180 23 175 27,8 1~9 
December 10-18 180 7 11 6,4 o, 1 
January 12-20 180 28 1670 224,3 18,4 
February 6-14 169 29 538 55,2 5,9 
March 27/ 
April 4 j175 60 6414 287,9 70,7 
t 
Spavvning Seasonality 
The seasonal occurrence 9 distribution and size composition of 
pilchard larvae suggested that spavming was continuous during 
the period August to March of both years. However, seasonal 
differences in the geographic location and intensity of 
spawning were apparent. During Survey 1, spawning was 
heaviest in the south during late winter/spring while a 
secondary spavvning, of perhaps equal or lesser intensity, 
took place in the offshore waters north of Cape Cross during 
summer months. Spawning also occurred in the south between 
February and March. In late winter/spring of Survey 2, 
spawning was not as heavy in the south and the breeding 
population evidently moved further north than during the 
same period in I972/73. Stimmer/autu.mn spawning, in contrast, 
was apparently heavier and more widespread over the entire 
region during the second survey. 
28. 
Sampling was not carried out from April to July in 1973 or 
after March/April 1974 and consequently the duration of the 
spawning season could not be determined. However, Matthews 
( I963) found tha.t pilchard· egg production decreased towards 
the end of autumn and eggs were virtually absent from the 
plankton during winter months. King·( I975, ·1977 in pfess) 
showed that spawning can be substantial during early/mid 
autumn. The abundance and size composition of the larval 
stages, particularly in March/April I974, also suggested that 
the spawning season could extend into late autumn. 
In general", the main breeding period is between August and 
April, with peak spawning taking place in late winter/spring 
and summer/early autumn. Presumably the later spawning 
season could extend into late autumn or even into winter, if 
favourable environmental conditions existed. 
Diurnal Variation in Catches 
A comparison of the number of pilchard larvae captured 
during day a."11.d night hauls showed that over four times as 
many specimens were taken in night collections. Analysis 
of the day/night catch ratio of larvae of different size 
categories demonstrated that the increased incidence of the 
larger size groups accounted for the high numbers in the 





Day and night differences in catches of pilchard 
larvae according to size. (all positive stations). 
---,-··-~·---··-----·--·· j 
Night Hauls(I51) ! 
. l 
----· . .-------·-1 · 
No.of larvae\Percentage,D/N I 
~, ______ n_ay Hauls(I45: 
I Size group No.of larvae iPercentage 
I , 
(mm) -+ ·---,L _ R~tio 
5,0 510 29,8 1961 26,4 1:3~8 
5 9 1 - 10,0 315 18,4 2010 21,0 1:6,4 
10,1 - 15,0 750 43,9 2710 36,5 1;3,6 




\ TOTAL 1709 18,7 7427 81,3 1:4,3j 
-~.i.-~~-~-~......_~--~~~--'---~~~~~~~~-~-..i..~~~~~------~ 
The percentage of the total number of pilchard larvae of 
various length groups collected at different times o~ the day 
and night hauls were plotted at 2-hourly interval.s over a period 
of 24 hours. ( Fig. 9 ). The diurnal. variation in abundance 
' 
was essentially similar for all stages of development. Larvae 
were more plentiful in hauls after dusk but decreased in 
nu.mber between midnight and 02hOO. Maximum catches were 
made in the early morning hours between 02h00 and 08hOO. 
Larvae became progressively less abundant after davvn and were 
relatively scarce during daytime collections. Occasional 
hauls yielded both large and small larvae during the day, 
especially between I2h00 and I6hOO. 
The larvae of the Pacific sardine, ~· caerulea, also exhibits 
marked diurnal variation in catch-rates. Silliman (1943) 
observed that nigh~ samples contained many more larvae than 
day samples, and that larger larvae were found more commonly 
after dusk. Moreover, he found that the larger larvae were 
not only less numerous during the day, but also appeared to 
be distributed at deeper'levetl..s.~-c:. _,,. °"' ... , 
-30-
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Fig. 9. Diurnal variation. in catch rates of pilchard larvae 
ace ord i ng to size categories ( all cruises 
31. 
Ahlstrom ( I959) reported in a separate investigation that 
the larger size larvae of the Pacific sardine were generally 
more numerous in night hauls and found some evidence of 
larger larvae moving to dee~er levels in the daytime. Both 
authors, however, attri~ute the differences in the day/night 
ratio of larval catches to avoidance of the net by the more 
advanced larvae during the day 9 rather than a migration to 
to deeper levels. 
Occurrence of Larvae in Relation to Temperature 
Pilchard larvae were found at surface temperatures ranging from 
13,2° to 21,0°c. Larvae resulting from late winter/spring 
spawning occurred at relatively low temperatures, between 
0 0 I3,1 -I7,0 C. Almost 70,percent of the occurrences were at 
temperatures of I4,1° to I6,o0 c. During summer and early 
autumn, pilchard larvae were collected at higher surface 
temperatures ranging from I6,o0 to 22,0°c. Approximately 
65 percent of the hauls containing larvae during this later 
spawning period were at surface temperatures of I7,I0 to 
20,0°c,, With only 10 percent and 23 percent occurring above 
and below this range. Fifty percent of the hauls with catches 
2 greater than 250 larvae per IOm were taken at surface 
' ... 
8 0 0 temperatures of between I ,1 and I9,0 c. 
The depth distribution of fish larvae often varies with 
physical1and biological conditions. In this investigation, 
the depth distribution was not studied. The routine hauls 
only provide information on the occurrence of larvae in the 
upper 50 metres and therefore the larvae could have been 
cap~ured at any depth stratum within this layer. Since 
sharp temperature changes occur with increased depth, 
partictilarly during summer months ( 0 9 Toole I977a ), larvae 
probably inhabit ~ater with lower thermal characteristics than 
that irtdidated by surface patterns. 
32. 
The only information on the depth distribution of pilchard larvae 
~ff South West Africa is that of d'Arcangues (I974) who found 
several larvae at a depth of 25 m near the thermocline. The 
vertical distribution of pilchard eggs also suggested that 
newly-hatched individuals were more likely to occur in the 
upper layers near the thermocline, rathe·r than in deeper layers, 
Silliman (I943) found that larvae of the Pacific sardine ~. 
caerulea were taken mainly in the upper 30 m , above the 
\ 
thermocline. Ahlstrom (I959) also reported that sardine larvae 
occurred in greatest abundance above the thermocline in the 
upper 23 m of water. He further observed that the position of 
the thermocline was an imp0rtant factor in determining larval 
depth distribution. Assuming that the pilchard larvae 
collected during this study were most abundant in the upper 
layers above the thermocline, then temperatures at a depth ~f 
20 m would be more representative of thermal conditions in 
the larval environment. 
The relationship between larval abundance and temperature at 
. 0 
20 m showed that most of the larvae were found between 12,1 
and 21,0°c, which was generally similar to the overall surface 
temperature range. Nevertheless, larvae derived from late 
winter/spring spawning were collected at lower temperatures 
(12,1° to I7,0°c) with 76 percent occurring at temperatures 
between 13,1° and I5,0°c. This represents a drop of about 
one degree compared with the optimal surface temperature 
range. 
During summer/early autumn, larvae were common over a wider 
temperature range (I4,0° to 21,0°c). Approximately 45 
percent of occurrences were at I6,1° +.o I8,o0 c, about 80 
percent of the hauls with more than 250 larvae per IO m2 
being captured within this temperature range. 
~he relationship between temperature, at surface and at 20 m, 
and the frequency of occurrence of pilchard larvae at a level 
~f abundance greater than IO per haul is shown in Figure IO. 
The two peaks on the left and right hand sides of the diagram 























Fig. 10. Rel at ions hip 
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The Kruskal-Wallis one way analysis of variance by rank (Siegel, 
!95°6) was used to test whether there were significant differences 
in larval abundance between temperature classes. The analysis 
was applied to the number of larvae taken for each positive 
haul at the various temperature classes. Values of H0 for 
temperature at the surface and at 20 m were I8 ,58 and 20,42 
respectively both being significant at the 1% levelo The 
fact that H - values give a better temperature-dependence at 
20 m than at surface temperatures is possibly an indication 
that larvae are mainly at about 20 m depth. 
It may be concluded that pilchard larvae hatched from spring-
spawned eggs were associated with significantly lower temperatures 
and that the optimal range within the 0-20 m layer was between 
0 6 0. I3,0 and I ,O c. In contrast. most of the larvae resulting 
from eggs spawned during summer/early autumn were found at 
consistently higher and within wider temperature ranges, but 
were more abundant between I6,o0 and I9,0°c. 
Occurrence of Larvae in Relation to Salinity 
Pil9hard larvae were collected over a wide range of surface 
salinities (34,90°/oo to 35,80°/oo. However, larvae hatched 
from eggs spawned in late winter/spring were found at a lower 
salinity range (34,90°/oo - 35,40°/oo) than those resulting 
from summer/early autumn spawning. Approximately 95 percent 
of the hauls containing larvae during spring were taken at 
surface salinities of 35,00°/oo to 35,30°/oo. 
During the later spawning larvae were found over a much higher 
and wider salinity range ( 35,00°/oo - 35,80°/oo). Approximately 
60 percent of the occurrences were noted at salinities ranging 
between 35,30°/oo and 35,60°/oo. 
35. 
The abundance ,of pilchard larvae in relation to surface 
salinity ( late winter and spring ) is swnmarized in Table 
m. -
-TABLE VII r 
. -
-
Surf ace I -
Abundance of p~lchard larvae in relation to 
surface salinity during late winter and spring 
{ Survey 1 & 2 ) 
Numbers of standard hauls that collected:-
5 j6 - 10 11 - 100 101 - 250 250+ Total 
salinity larvae I larvae larvae larvae larvae 
. I -· 
34,91-35,00 I 2 0 0 0 0 2 
35,01-35,10 9 1 0 0 1 11 
35111-35,20 27 9 12 0 0 48 
35,21-35,30 20 1 10 1 1 33 
35,31-35,40 3 0 0 0 0 3 
Table VIII reflects the abundance of larvae in relation to 
surface salinity during the summer and early autumn of both 
years. 
The Kruskal-Wallis test was applied to the number of larvae 
collected per positive station at the various salinity ranges 
during the late winter/spring and the swnmer/early autumn 
periods. These data are summarized in Tables VII and VIII , 
Values of H0 = I3,58 and H0 = 3,48 were obtained for the 
two seasons respectively. This showed that the relationship 
between larval abundance and surface salinity was significant 
at the 0,1 level for larvae collected in late winter/spring 
but was not significant for those found during summer/early 
autumn. The greater range of salinity encountered in the 
north during summer months together with the more wide:spread 
spawning may explain the absence of a significant relationship 
during the latter period. 
. 
TABLE V'li'I' - • . 
Surface r~-5 
salinity 















Abundance of pilchard larvae in relation to 
surface salinity during summer and early 
autumn ( Survey 1 & 2 ). 
-·-+-
I 
Number of standard hauls that collected:-
6-IO 
l 
II-IOO I IOI-250 250+ Total 
larvae larvae I larvae I larvae 
1 4 0 1 9 
5 12 0 0 27 
3 3 0 1 21 
I 9 9 1 0 47 
3 4 1 2 : 19 
1 9 4 I 15 35 
1 3 1 1 6 
1 l 3 0 0 5 f t .; -·--+ 
Hydrological Affinities 
Hydrological features off South West Africa show marked seasonal 
variations in temperature and salinity. Intense upwelling in 
the south during late winter/early spring results in the 
widespread distribution of homogenous cold low salinity water 
over much of the region. As summer approaches, upwelling 
diminishes and warm saline oceanic water invades the zone 
normally occupied by the cooler coastal water. The hydrological 
features of the survey area has been described and illustrated, 
for both years, by 0 9 Toole (I977 a). 
In general pilchard spawning is continu9us during most of the 
year and takes place over such widely contrasting hydrological 
conditions that it is difficult to relate the timing of spawning 
to any particular sequence of hydrological events. However, if 
it is assumed that two breeding populations exist, one in the 
north and another in the south, then seasonal environmental 
changes may play a more direct role in the timing of spawning 
groups. 
37. 
During late winter/spring, the pilchard population in the 
south spawn in relatively cold low salinity water,characteristic 
of active upwelling. Larvae were found in waters where 
temperatures and salinities ranged from I4° to I6°c and 35,10°/oo 
to '35,30°/oo respectively. Since temperatures in the south 
during late winter/early spri~g period remain relatively low 
and is often uniform with depth (Fig.5 and 79 O'Tmole,I977a), 
it is unlikely that temperature could trigger spawning of the 
southern population. It is possible that other factors such 
as the start of food production may play a more direct role 
in the timing of spawning. 
In contrast, spawning in summer/early autumn occurred in warmer 
mixed waters following the intrusions of oceanic water towards 
the coast. Larvae were widely distributed along the zone 
of intermixing and were often abundant where the barriers 
between the cold and warm water masses were well-developed. 
Temperatures and salinities in the sp.l.wning grounds during 
summer were invariably high and ranged from I6° to 21°c and 
35,20°/oo to 35,80°/oo. In this case the stimulation of 
summer spawning may be enhanced by a rapid rise in temperature 
associated with the influx of warm oceanic water. 
A comparison of the distribution and abundance of pilchard 
larvae for both years suggested that the intensity and 
the regional extent of spawning varied from year to year. 
During spring of I973, spawning in the south was not as intense 
compared with I972. The distribution of larvae also showed 
that the spawning population moved further north. 
The northern displacement of the spring spawners may have 
been caused by changes in environmental conditions in the 
south during I973. In August and September of both surveys, 
temperatures in the south were generally similar but warmer 
water was more widespread in October and November of I973. 
In addition, water was cooler in the north during the spring 
of I973 which may have stimulated the breeding population to 
move further north. 
Another factor which may have contributed towards unfavour-
able conditions in the south was the abnormally high 
concentrations of medusae ( Dact.ylometra .§.12..) in the plankton, 
particularly in August and September. 
38. 
Medusae are important predators of pelagic eggs and larvae 
and areas where these organisms are abundant would undoubtedly 
be unfavourable for spawning fish. 
The most striking difference between years was that spawning 
during the summer of I974 was heavier and more widespread than 
during the same period in I973. This was particularly 
evident during March/April. Hydrological conditions during, 
March/April I974 indicated a deep· core of warm water 
occupying much of the area north of Cape Cross. The depth 
distribution of temperature indicated that in the upper 20 m , 
water was relatively well mixed whereas below this level 
thermoclines were generally sharp. Further south,thermoclines 
were not as developed and water was cooler and more mixed 
(O'Toole, I977a). In contrast, temperatures were colder 
during March !973, and warm water intrusions were less 
extensive and shallower. 
Thus pilchard spawn predominantly in cold upwelled water in 
spring. During summer and early autumn spawning takes place 
on the seaward aide of the boundary between the warm oceanic 
water and the cooler coastal water. A greater penetration 
of oceanic water into the summer spawning grounds is 
apparently more favourable for widespread spawning. This 
is presumably because the more extensive mixing effect between 
the water masses may stimulate a larger area of production of 
phytoplankton and small zooplankters which would be suitable 
for larval feeding and survival. 
Development, Growth and Dispersal 
Development 
King (!975) determined the developmental rate of eggs of the 
South West African pilchard from blastocap stage to hatching 
for a variety of temperatures. Although no pre-blastodisc 
eggs were used in the experiment, he assumed an age of I3 hrs 
for the eggs to develop from fertilization to the blastodisc 
stage based on the results of Miller (!952) for the Pacific 
sardine S.caerulea. Developmental rates shown in Figure II 
indicate that the eggs of ~.ocellata may re~uire anything 
from one to four days to complete development depending upon 
the temperature at which incubation takes place. 
105 
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Since pilchard eggs spawned in the south during late winter/ 
spring must usually develop at temperatures ranging between 
I3° and I6,5°C ( King I975, I977 in press ) it can be assumed 
from Figure II that hatching would take place approximately 
2 to 2l days af1Jer.spa~ing. In contrast, eggs spawned 
during summer/autumn in the northern area are found within 
a higher temperature range (I6,5° to 22°r!) and would require 
between 1 and 2 days to complete development. Thus the 
developmental rate of the eggs may differ by as much as 1 
aay, depending upon the time and locality of spawning. King 
(I975) also demonstrated that the growth rate of newly-hatched 
larvae was linear, being more rapid at higher temperatures. 
For example, live newly-hatched larvae ( mean standard length 
3,59 mm) required 3 and 5 days to complete yolk-sac absorption 
at temperatures of I8° and r3°c respectively and increased 
in length by between 2 and 2,3 mm. These findings therefore 
suggest that specimens measuring between 5,0 and 6,0 mm long 
collected in the south during the earlier spawning season 
were probably about 6 to 6! days old from the time of 
fertilization. Larvae of the same size range and at a 
similar stage of development, but taken in the northern area 
during summer/autumn would be somewhat younger and approximately 
4 to 4! days old. 
Growth 
To assess the growth rate of specimens caught a"t sea, it is 
necessary to identify a cohort of larvae or group of cohorts 
by comparing sizes collected on· successive cruises. This is 
often a difficult task, due to the time interval between 
cruises, the continuous nature of spawning in some species 
and the progressive decrease in the number of larger 
specimens due to mortality and net avoidance. Environmental 
factors, such as, currents, eddies and storms mP.y lead to 
additional confusion by breaking up identifiable patches 
of larvae. For these reasons, the growth of pilchard 
larvae could only be roughly calculated in this study. Two 
cohorts were satisifactorily identified between successive 
cruises, One group was followed from September to October 
I972 in the coastal region between Palgrave Point and Cape 
Cross ( see Fig.5 ) while another patch of larvae was 
-
identified in both January and February I974 offshore north west 
of Palgrave Point ( see Fig.7 ). Larval abundance 
..... -~ .... 
........... ·- ·--- ·· .. ·. 
41. 
According to size classes from these areas are illustrated in 
Figure 12. During September 1972 larvae measuring between 12,25 
and 14,25 mm in length (mean 13,25 mm) dominated the catches 
(Fig 12 A). In October, a full 30 days later, larvae of between 18,25 
and 20,25mm (mean 19,25mm) were the most abundant size class. If 
these larger forms were deri!ed from the September population then 
larvae increased in length by about 6,0mm in the intervening period. 
This represented an increase of approximately 0,20mm per day in water 
with a temperature of between 14,0 and 15,0°c. A similar analysis of 
a larval patch found between MBwe Point and Palgrave Point on the 
January and February cruises of 1974 (Fig. 12B) suggested that the 
growth rate of larvae derived from summer spawning was more rapid 
increasing to about 8,0rrun in 24 days (0,33mm per day) in water which 
averaged i9°c. It is possible to roughly estimate the ag-e of pilchard 
larvae collected at sea using the growth rate of laboratory reared 
newly hatched larvae (King 1975) and the conclusions drawn from 
Figure 12. Thus, a larva of 10,0m.m in ~ength hatched from spring 
spawning in the south would be between 25 and 27 days old from 
the time of fertilization. In contrast, a similar sized larva 
hatched from summer/autumn spawning in the north would be 20 to 21 
days old. These ages are based on the assumption that larval 
growth is linear which may not always be the case since food 
availability and temperature variations can cause short term 
fluctuations in growth. Ahlstrom (1954) estimated the ag-e 9f a 
Pacific sardine larva of the same length as approximately 26 ·days 
old, and Blaxter (1969) showed that a 10,0mm Sardina pilchardus larva 
was 4 weeks old from the time of fertilization when reared at temp= 
6 0 0 eratures of l ,O to 19,5 C. 
Dispersal 
It has already been pointed out by Hart and Currie (1960), 
Stander {1964) and O'Toole (1977a) that the direction of water 
movement off the South West African coast during late winter/ 
spring is larg-ely influenced by the process of upwelling. The 
flow is usually parallel to the shore in a north to north-easterly 
direction. Therefore, one would expect that pilchard eggs 
spawned in the south during this period would be carried 
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A comparison of the horizontal distribution of small and 
large larvae during September and October 1972 (Fig.; I~i) 
demonstrates this. In September, pilchard larvae less than 
I2,0 mm in length were concentrated inshore along a narrow 
belt between Palgrave Point and Walvis Bay. By ·october, 
the more advanced stages ( those greater than 20,0 mm ) 
were found north of Palgrave Point closer inshore. It may 
be assumed that the larger larvae collected in October 
represented the offspring of the same spawning as the smaller 
forms captured in September as an increment of 8-IO mm over 
a period of 30 days is not unreasonable (see Fig.I2). 
I./ 
Furthermore, an apparent drift northwards between months is 
supported by hydrological evidence which shvwed that upwelling 
was marked and isolines were orientated parallel to the coast 
(Fig.5). 
In c~ntrast, larval dispersal between January and February 
I974 (also illustrated in Figure I4) showed a different 
pattern. Pilchard larvae less than IO,O mm in length were 
plentiful in the off shore plankton north west of Palgrave 
Point in January. The distribution of the larger size groups 
(greater than I5,0 mm) during February indicated an inshore 
southward drift which was presumably caused by water movement 
in this direction over these months ( see Fig.7 ). 
In general, the examples given appear to be quite typical of 
spring and summer conditiond. Newly-hatched larvae from the 
late winter/spring spawning in the south are normally carried 
northwards along the coast by the Benguela Current. Larvae 
resulting from offshore summer spawning are probably carried 
inshore and southwards by the seasonal influxes of oceanic 
water from the north and west. However, movements offshore 
can sometimes occur during summer as happened between Depember 
I972 and January I973 ( Fig.5). Such a process might well 
transport developing larvae away from the coast into 
unfavourable areas where food scarcity and excessively high 
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The seasonal distribution, abundance and size composition of 
pilchard larvae collected on the SWAPELS survey showed that 
spawning occurred.continuousl~ from August to April between 
Cape Frio and Hollam's Bird Island. Two major spawning 
seasons were evident, one in late winter/spring and another 
in summer/early autumn, both taking piace at different 
localities and in contrasting hydrological environments. 
The earlier spawning in the south was associated with cold 
upwelled waters near the coast where temperatures and 
salinities ranged from 13,0° to I6,o0 c and 35,10°/oo to 
35,30°/oo respectively. In contrast, spawning in summer/ 
early autumn was predominantly in the north, although a 
minor renewal of spawning was still evident in the south. 
Larvae from summer/autumn spawning fish were found in warm 
saline water ranging from I6,o0 to 21,0°c and 35,20°/oo to 
35,80°/oo. 
These findings agree closely with previous investigations 
into pilchard spawning off South West Africa. Matthews 
(I963) studied the southern area between Cape Cross and 
Conception Bay and reported that spawning was widespread 
within 80 km of the coast. Two spawning seasons were noted, 
one in August/September and another in February/March, both 
coinciding with peak gonad weight in adult fish. Little 
spawning activity was evident during winter months. The 
results of a more extensive exploratory survey in !971 
(King 1977 in press) showed that pilchard spawned over a 
larger area than indicated by the earlier investigation of 
Matthews (!963). In addition to the main spring spawning 
peak and the smaller summer peak in the south, heavy 
spawning was also evident offshore between Cape Frio and 
Cape Cross during summer/autumn. The northern boundary of 
egg occurrence was established at Cape Frio and the southern 
limit at Hollam's Bird Island. Preliminary results on 
pilchard egg distribution from the SWAPELS cruises (King 
1975) also substantiates these findings and the conclus-
ions drawn from the larval data. 
46 • 
As in the case of the larvae, pilchard eggs were found over 
two temperature ranges. Stander (I963) showed that in 
spring, eggs were most abundant at temperatures of between 
I3° and I4°C, while in swnmer, spawning was most intens€ 
at higher temperatures and over a wider variation (14°-22°c). 
King (1975, I977 in press) similarily fo~d that pilchard 
spawned over two distinct temperature ranges. Eggs from 
spring spawning fish occurred at surface temperatures of 
I3,0°-I6,5°C whereas those from summer spawning were 
found at higher temperatures ( I6,5°-22°c). These seasonal 
ranges are almost identical to those obtained for the 
larvae. 
Since samples were not collected between April and July I973 
or from May 1974, it is possible that spawning could have 
continued into late autumn or even winter. Indeed, the 
abundance of newly-hatched larvae in the plankton during 
March/April 1974 suggested this. In general, one can 
conclude that the period between August and April covers the 
main breeding seasons of the South West African pilchard. 
However, some clupeids are known to spawn outside the main 
breeding periods if conditions are temporarily favourable. 
The Pacific sardine, ~.caerulea can mature several batches 
of eggs during the year and release ova at anytime when 
the environment is suitable (J.Mc Gregor, NMFS, La Jolla, 
personal communication). The South West African pilchard 
~· ocellata is also a serial spawner and developing ovaries 
contain different size modes of yolked eggs (Le Clus, I976 ). 
It is, therefore, possible that the species could similarly 
extend its spawning season if environmental conditions 
continued to be favourable. Fluctuation in pilchard 
spawning and intensity were evident from the SWAPELS larval 
collections. For example, larvae were more plentiful in 
the south during late winter/spring I972 whereas in I973, 
larvae were less numerous and occurred further north. This 
apparent shift in spawning cannot be explained from 
hydrological data since the thermal patterns during August 
and September of both years were similar. However, 
higher temperatures in the south and colder water in the 
north during October and November I973 may have caused a 
northward movement. Alternatively, a combination of 
other abiotic or biotic factors during the spawning season 
could have resulted in unfavourable conditions in the south 
during I973. 
47 .• 
Pilchard spawning in the north during summer could 
apparently be linked with a rapid increase in temperature 
associated with the seasonal influx of warm oceanic water. 
Greater incursions of warm mixed water seemed to enhance 
more widespread and heavier spawning. This was especially 
noticeable during March/April I974 when ~ southward 
extension of warmer water corresponded with an enlargement 
of the spawning area. Such conditions brought about by 
the mixing of warm oceanic water and cool coastal water 
may have caused a wider distribution of food organisms,and 
thus an expansion in the larval distribution. 
The fact that pilchard eggs and larvae are found in 
geographically separate areas at different seasons and 
contrasting hydrological conditions strongly suggests that 
two separate breeding groups or independent stocks may 
inhabit the area between Cape Frio and Hollam's Bird Island. 
The southern population is apparently limited to the region 
between Palgrave Point and Holla.m's Bird Island and spawns 
continuously from August to March. The peak spawning, 
however, takes place in late winter and spring (August to 
November) whereas spawning in the south during summer 
months can be regarded as a secondary peak by the same 
group of fish. This hypothesis is supported by Matthews 
(!963) who investigated pilchard spawning south of Palgrave 
Point. Although, he suggested the possibility of two 
spawning groups in this area to account for the late winter/ 
spring and summer peaks, he concluded, probably corrGctly, 
that the earlier peak was the result of the ripeness of the 
largest part of the gonad while the secondary summer 
spawning was the termination of continual spawning by the 
same population. Additional evidence for the single breeding 
stock in the south is supported by Le Clus (!976) who found 
no significant difference in relative fecundity, length or 
weight of fish in the area. A northern spawning population 
was first suggested by King ( I977 in press ) when egg 
searches were expanded northwards to the Cunene River. 
In contrast to the southern spawning stock, the breeding 
season is apparently shorter but.nevertheless intense 
during sum.mer/early autumn. Spawning characteristically 
occurs in warm saline water at considerable distance from 
the coast. 
48. 
Further evidence for the separate northern stock is given by 
Thompson and Mostert (1974) who found some genetic variation 
between the pilchards examined from Ambrose Bay (21°03•) 
and Walvis Bay. With the present available data, it can 
be tentatively suggested that. two breeding stocks exist off 
the South West African coast. The separation of these 
stocks may have ·been caused by adaption to. specific 
hydrological conditions and the timing of plru1kton production 
cycles in both regions. 
Dispersal trends suggest that larvae from late winter/spring 
spawning in the south are carried northwards by the Benguela 
Current while larvae from the summer/autumn spawning 
population in the north tend to be transported southwards 
by the Angola Current and inshore. The boundary zone 
between the coastal and oceanic water in the north probably 
serves as an important nursery area for developing larvae 
and juvenile stages of both stocks. During winter, when 
the temperature drops and upwelling commences, some of 
the.juvenile pilchards presumably migrate southwards to 
recruit into the southern population whereas others return 
to the northern waters to supplement the northern stock. 
Schulein (1971), reported a southerly movement of juvenile 
pilchard based on the fact that smaller fish were more 
frequently encountered in catches madG in the north. 
However, recent findings ( F. Schulein, Sea Fisheries 
Branch, personal communication ) show that juveniles also 
occur in the southern area. 
In the final analysis, it is probable that some inter-
mingling of larvae, juveniles and adult fish from both 
stocks occurs and that hydrological conditions may determine 
the geographic area, the time of spawning, dispersal and 
adult migration. 
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INVESTIGATIONS INTO THE EARLY LIFE 
HISTORY OF THE SOUTH WEST AFRICAN 
ANCHOVY ENGRAULIS CAPENSIS GILCHRIST 
By 
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The anchovy, Engraulis capensis_ Gilchrist, occurs from the 
Cunene River on the northern borders of South West Africa 
to Cape St. Sebastian on the south coast of South Africa 
(Pollock !970). The.species forms the basis of an 
important pelagic fishery along the west coast of South 
Africa ( Baird and Geldenhuys I973 ) and off South West 
Africa ( Ratte 1973 ). 
Since the introduction of purse-seine nets with finer 
meshes in 1968, anchovy landings have increased dramatically 
in South West African wate~s. The total catch for the 
territory rose from 178300 metric tons in 1965 to 579600 
metric tons in 1973 ( F.A.O. 1974) accounting for between 
30 and 50 percent of the pelagic fish landed in Walvis 
Bay. Only landings of the pilchard, Sardinops ocellata, 
are greater. 
The biology of !.capensis is generally well-known and 
has been the subject of a number of investigations. The 
fish form large shoals in the upper layers and feed on a 
variety of phytoplankton and zooplankton. (Robinson !9661 
King and McLeod I976). Growth is rapid during the first 
year of life and individuals frequently attain 50 per cent 
sexual maturity at lengths of 9,0 cm. Gonad development 
usually reaches a peak between November and January, with 
activity declining again during autumn and early winter 
( Robinson 1966, Ratte I972 ). Anchovy eggs occur ip. 
Cape waters from early spring to late summer ( Anders I965, 
I975) but are uncommon or absent from the plankton during 
autumn and winter. King ( !977 in press ) reported 
anchovy eggs off the South West African coast from October 
(spring) to April (autumn) and noted heaviest spawning 
during the month of February. The general biology of the 
populations from the Cape and South West Africa are 
regarded as essentially similar but no morphological 
differences have been f o'Wld to suggest any subspecific 
division. Ratte (T973) however, pointed out that the 
mean length/age of the northern stock was slightly larger 
than that off the Cape. No migration between the two 
more or less geographically separate populations ,has peen 
identified. 
2. 
Little is known about the pelagic egg and larval stages of 
the species, especially off South West Africa. Some . 
information on the seasonal occurrence of eggs is given 
by King (I977 in press) but the distribution and ecology 
of the larvae is poorly understood. 
During a two~year ichthyoplankton investigation conducted 
off South West Africa between I972 and 1974, anchovy eggs 
and larvae were collected in considerable numbers in the 
plankton. The area between Cape Frio (I8°2o•s) and 
Hollarn's Bird Island (26°40'S) (Fig.1) was sampled monthly 
from August I972 to March I973 and from August !973 to 
March/April !974. Information on the depth and position 
of stations together with an account of the methods of 
collection are given by O'Toole (I976a) and O'Toole (I977b). 
Anchovy larvae accounted for 6,7 percent of all ~he fish 
larvae captured and were the fourth most abundant species 
collected. 
This report is mainly concerned with the distributional 
ecology of the larvae and deals with such aspects as · 
seasonality, geographic distribution, diurnal variation 
in abundance, relation to temperature and salinity, 
hydrological affinities, growth and dispersal. Some 
information is also given on the distribution of anchovy 
eggs and occurrence in relation to temperature and . 
salinity. 
RESULTS 
Identification of the eggs 
Like all other members of the family Engraulidae, the eggs 
of E. capensis are elongated, ellipsoid, with a.narrow 
perivitelline space and no oil globule. The yolk is 
segmented in the manner characteristic of cl.upeid eggs. 
Anchovy eggs collected during this investigation had 
the following dimensions: Long axis I, 20 - I.,4 ?mm (mean 
I,38mm); short axis 0,57 - 0,67mm (mean 0,59rrim). These 
measurements·were based.on approximately 300 eggs selected 
randomly from samples taken during the cruises of Ja.n~ary 
I973 and February I974 from between Cape Frio and PaJ.grave 



















22 .-- .... \ .... 
. \ 
2 6 . 
30 
34 
3 8 . 
' ' 
RIVER 





' 50. , ... 
54 . '" . 
58 ' ' 'I ' 
62 . ·, . 
' 66 . \, 
70 .. i ...... 
74 'I' 
78 ' ' -' 













location of routine stations occupied during the S WA PE LS 
cruises in 1972/73 and 1973/74 
4. 
by Ratte (1973) from Walvis Bay and Anders (Sea Fisheries 
Branch personal communication) from the Cape Peninsula. 
The size range.of some eggs collected from various 
localities around Southern Africa is outlined below. 
The egg of !· capensis has been illustrated by Anders 
(I975). 
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Identification of the Larvae 
unknown 305 
1,18 -1,60mm I,20 - 1,47mm 
0,40 - 0,60mm 0,57 - 0,67mm 
December January/February 
Ratte (!973) this stu~y 
The larval stages of i.capensis were identified in this 
study from descriptions given by E.H. Haigh and A.E. Louw 
of the South African Museum (unpublished). The larvae 
are typically clupeid, being elongated and slender with 
a posterior anus. Preserved newly-hatched larvae measured 
between 2,52 and.2,95 mm. 
The larvae of anchovy and pilchard are similar in many 
respects and their identity can sometimes be confused. 
Differences in the position of the mandible in relation to 
the eye, the location of the dorsal fin in relation to the 
anal fin and the number of myomeres can be used in most 
cases to distinguish between the two larval forms. Some 
of these distinguishing characters are listed below (after 
E. H. Haigh, unpublished). 
Anchovy .E• capensis Pilchard .§.. ocellata 
Mandible extending well beyond Mandible extending at the most 
the posterior border of eye 
and maxilla to posterior 
third of eye. 
to the middle third of eye and 
maxilla terminating vertically 
below anterior border of eye. 
5. 
Anchovy E· capensis 
Posterior end of dorsal fin and 
anterior end of anal fin 
usually overlapping in smaller 
larvae and situated at least 
opposite each other in larger 
larvae. · 
The number of myomeres range 
from 44 - 45. 
Pilchard ~· ocellata 
Origin of anal fin well behind 
posterior end of dorsal fin. 
The number of myomeres range 
from 49 - 50. 
These larval characteristics were particularly useful in 
distinguishing between anchovy and pilchard larvae larger 
than 6,0mm SL. Smaller anchovy larvae were sometimes more 
difficult to identify precisely because larval characteristics 
were not clearly differentiated. The dorsal and anal fins 
were usually undeveloped at this early stage and damage to 
-
newly-hatched specimens during the collections sometimes made 
it difficult for larval characters to be positively 
identified. However, since larvae of both species were 
uncommon in the same haul and the seasonality, spawning and 
geographic distribution of the larvae of the pilchard and 
anchovy differed, confusion over the identity of recently-
hatched anchovy larvae _may be regarded as negligible. 
The Distribution and Seasonality of Anchovy Eggs. 
The collection of anchovy eggs posed some problems. During 
the first survey, a small paired bongo unit with a mouth 
diameter of I8cm and a 300 micron mesh was used specifically 
to sample anchovy eggs at stations 02, 04, 06, 08 and IO on 
each line. However, it proved unsatisfactory due to 
frequent clogging of the meshes with dense concentrations 
of phytoplankton (Fragilaria sp.). The mouth area of the 
units was also considered to be too small_to provide reliable 
information on egg abundance ( King and Robertson I973 ). 
During the second survey, the mouth opening of the sampling 
units was increased to 30cm diameter, but phytoplankton again 
caused frequent clogging of the meshes, to the extent that 
sampling for anchovy eggs had to be periodically discontinued. 
Anchovy eggs, therefore, were not collected reliably or in 
sufficient nwnber to provide a good indication of monthly 
abundance or horizontal distribution. In general, the egg 
collection data suggested that spawning occurred continuously 
from October to March/April with isolated spawning· evident 
in the south during late spring. However, most of the eggs 
were found in northern waters during swnmer/early autumn. 
(December · - March/April). 
An earlier report on anchovy spawning off South West Africa 
(King !977 in press) also showed that eggs were found from 
October to April but occurred in greatest quantities from 
December to March. King (Qll.Qi..:t..), however, noticed that 
anchovy eggs were more abundant in the south whereas in this 
investigation, eggs were more nwnerous in the north. 
Occurrence of Anchovy Eggs in Relation to Temperature and 
Salinity. 
Anchovy eggs were collected only at surface temperatures 
ranging from r3,4°c to 20,8°c. ( Table I ). Approximately 
70 percent of the eggs were taken at surface· temperatures 
between !8,1° and 20,0°c. Less than one per cent of the 
eggs were collected at surface temperatures greater than 20,.0°c 
and approximately 29 percent of the eggs occurred at surface 
temperatures lower than 18,I~C. 
TABLE 1 : The relative abundance of anchovy eggs in relation 
to surface temperature. 
T--- I ·-1 
I Temperature ! No.of eggs/ No.of.ht;tuls ! Mean no.of ! Percentage ofj1' 
l Range 
0 c I I containing j eggs per . I egg 
i eggs l haul -t occurrence 
;----··--··--· ----,.~-··---· I ··-·"·---·-··---- --·---·---·-.. ------ .·--------· -------,.t·-
1 I I I 12,1 - 13,0 ! 0 i 0 I 0 i 0 I 
~!:~ - ~::~ ! 3~~ ~ I ~~:: I ~:: I 
I i I 
! ; 8 15,1 - 16,0 232 9 i 25,7 ! 4, 
6 0 48 1 - l 1 10 1 1 ,1 17, 2 2 I 40, , 
17,1 18,0 342 12 l 28,5 1,2 
I 18,1 19,0 1384 12 ' 115,3 29,9 
i 19,1 20,0 1861 8 1232,6 39,2 
I 20 , 1 21 , 0 I '3 1 1 4 I 7 , 7 I 0 , 6 I 
l_ ......... __ ...... ··--·--.. ~ .... --·L· .. t-~.-------- .. ~-·------.. L ........... --~· ----- ....... ,._,.:-..--~~-·-.. ---,--···-·----1..-........ ----··-----..... ---···; 
7. ' 
The oblique hauls taken in the 0-50m layer only indicate that 
eggs were present within the water column. No information on. 
the vertical distribution of anchovy eggs was gathered during 
the course of the investigation. However, in studies on the 
vertical distribution of a variety of fish eggs and larvae, 
Ahlstrom (!959) showed that the egg of the northern anchovy 
!•mordax occurred predominantly in the upper 20 metres. 
In the Cape waters, Anders (I975) found large numbers of anchovy 
eggs at various sta&es of development at or close to the surface. 
Further evidence that anchovy spawn close to the surface in the 
Cape is given by O'Toole (!976 b). Since temperature to a 
depth of 50m was routinely measured at SWAPELS stations (O~Toole~ 
I977a)1 it is possible to relate egg occurrence to temperature 
at selected depths within this column of water. If 20 metres 
is chosen as the zone of greatest concentration then eggs 
occurred at temperatures ranging from 11, 5 to !9 ,o0 c (Table I~) •. 
Nevertheless, approximately 73 percent of 
taken at temperatures of between I6,1 and 
remainder were found at temperature~ less 
t~e anchovy eggs 
0 I9,0 C. The 
0 than I6,0 C. 
TABLE IT 1 - The relative abundance of anchovy eggs in relation to temperature at 20m. 
were 
r---- -,------· ---··-· ,---·--·--·--·· ----i I Temperature ; No.of No.of hauls Mean no.of Percentage of 





0 10 eggs• 1 ha~:o --- ---~~;- ----1 
12,1 - 13,0 107 4 26,1 2,2 I 
13,1 - 14,0 451 11 41,0 9,4 
I 14,1 - 15,0 ~10 12 20,6 6,s 
I 15,1 - 16,0 316 15 25,0 1,a 
I 16,1 - 11,0 1243 ,, 113,0 26,0 
I 17,1 - 18,0 1646 9 182,8 I 34,4 
I 18' 1 - 19 '0 I 64 3 4 160 ' 7 I • 13 '4 I 
I 19 , 1 - 20 '0 : 0 0 0 I > ... 0 
! _____________ t__ __ _.:_·-··--·-·-··-L---··-···-·····------···-·-i 
The resul.ts· are in general agreement with the temperature . 
ranges of anchovy egg presence given by other workers. . King 
(I977 in press) found anchovy eggs ·off South West Africa at 
. . 0 ao surface temperatures ranging from 12,3 to 21, C. 
8. 
In the Cape, Baird and Geldenhuys (!973), recorded anchovy eggs 
over a surface temperature range of 9,5° to 22,0°0 with the 
optimum temperatures between 15° and 21°c. 
Anchovy eggs were taken within a surface salinity range of 
between 35,05°/oo and 35,75°/oo, indicating a tolerance to 
wide variations in sali.ni ty. The relati vs o..~v..ndance of eggs -in relation to surface salinity is shown in Table l!I· 




No.of l;o.of hauls ' Mean no.~f I Percen~age of jl 
range O/oo eggs. containing eggs per egg occurrence. 
i····--·--------·---·- ---- eg~s. . ·t-~aul. 4-----··---··--i 
35,05 - 35,15 347 7 I -49,5 l 7,3 
35, 16 - 35,25 636 7 I . 90,8 I 13,4 
'l 35,26. - ·35.,35 214 14 I 15,2 ! 4,51 
35,36 - 35,45 616 15 l 41,0 I 12,9 
35,46 - 35,55 1083 16 ! 67,6 22,8 
35,56 - 35,65 1629 7 232,7 34,3 
135,66 - 35,15 1 225 2 112,5 I 4,7 .!.: .. -----··--·------·-·-- ··--'------------·· 
Eggs occurred in relatively large numbers at both high and low 
salinities but were more abundant at salinities. greater than· 
35,35°/oo. Again, as in the case of temperature, the optimum 
salinity range is difficult to determine because eggs were not 
representatively sampled during the surveys. Eggs are however 
likely to be found at relatively high salinity when associated 
with warmer water. In general, anchovy eggs occurring in 
the north would usually be found at a surface salinity greater 
than 35,30°/oo. Anchovy spawning in the south would take 
place where the salinity was less than 35,20°/oo. Anders 
(I975) reported that anchovy eggs taken off the south east 
coast of South Africa were associated with low salinity water 
and were scarce or absent at high surface salinity (35,55°/oo). 
In contrast, anchovy spawning in South West Africa apparently 
takes place over a greater salinity range. 
9. 
Distribution and Seasonality of Larvae. 
Anchovy larvae were common and widely distributed in the northern 
part of the research area during both surveys. Approximately 
98 percent of all the larvae collected during the investigation 
were found between Cape Frio ( I8°2o•s) and Palgrave Point 
(20°2o•s). Less than 2 percent of the total nwnbers were 
taken south of Palgrave Point and only a few specimens were· 
recorded in the plankton south of Walvis Bay (23°s). The 
percentage of the total nwnber of larvae taken in the different 
parts of the survey area during both surveys is summarized 
below:-
Area 
Cape Frio - Mowe Point 
Mowe Point - Palgrave Point 
Palgrave Point - Henties Bay 
Henties Bay - Sandwich Hb. 
Sandwich Hb. - Hellams Bird Is. 
Station line 
14 - 26 
30 - 42 
46 - 58 
62 ... 74 
78 - 90 







Anchovy larvae were found over the entire ir.shore/offshore range 9 
but over 85 percent of the total were taken from offshore waters 
at distances greater than 30km from the coast. Maximum 
concentrations of larvae were taken at distances of 60 - 112 km -
offshore ( Table IV )o The northern and seaward extent of -
the larval distribution was not determined in either of the 
surveys but the presence of high densities at the northern and 
offshore stations suggested a considerable extention of 
distribution north and west of the survey area. 
-TABLE IV • . -
Distance from 
IO km or less 
10 - 20km 
20 - 30km 
30 - 50km 
50 - 100km 
100km or more 
The percentage occurrence of the total nwnber of 
anchovy larvae ( I972 - 74 ) in relation to 
distance from shore. 
shore Percentage. occurrence !972/73 !973/74 
0,2 o, 1 o,a 
0,5 o,6 0,4 
3,1 2,9 6,2 
13,2 11,4 19,0 
63,9 69,3 46,7 
18,9 16,5 26,8 
-~--~ 
IO. 
The overall distribution and the main centre of larval abundance 
were remarkably similar for both ~urvey periods CFigs. 2 & 3 ) 
but the larvae were four times more' numerous in the collections 
of I972/73 than in I973/74. 
Larvae were found in the plankton from.November to March in 
Survey 1 and October to April in Survey 2, During I972/73, 
99 percent of the total number of larvae were collected 
between December and March. In comparison, 96 percent were 
taken during the same period in I973/74. 
Survey 1 ( August 1972 - March 1973 ) 
The horizontal distribution and abundance of anchovy larvae 
together with surface isotherms for each survey cruise are 
illustrated in Figure 4. The monthly hauls and larval -abundance are summarized in Table y and larval length 
I 
frequencies for each cruise are shown in Figure 5. 
Anchovy larvae were first taken in the plankton during November 
when three specimens were captured offshore in the south of the 
research area. The larvae measured from I4 to I7 mm and 
probably resulted from eggs spawned as early as September. 
Larvae were more common in December but were found only in 
the north, between Cape Frio and Mowe Point. The centre 
of abundance was 24 to 80km offshore. The larvae consisted 
of mixed size groups ranging from 3 to 26 mm in length. 
Specimens measuring between I2 and 20 mm were the dominant 
size classes. It is assumed that these larger forms were at 
least 2 - 3 weeks old and hatched from eggs spawned in the 
north during November. In addition the presence of some 
.smaller larvae, al though few in number, .indicated more recent 
spawning. 
Anchovy larvae were most abundant during the month of January 
and formed 40 percent of the total number of larvae collected 
on all the survey cruises. Larvae distribution extended 
further south to Palgrave·Point but was generally similar to 
December. Larvae were plentiful in offshore water~ at 
distances of 80 to II2 km from the coast. The greatest 
number of larvae were taken at stations I4 - 10, approx-
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Fig. 2 Distribution and abundance of anchovy larvae during 
Survey 1 I values represent cumulative standard haul 
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Distribution and abundance of anchovy larvae during 
Survey 2 (values represent cu mutative standard haul 
t o ta I s for all c r u i se s ) 
The length of the specimens ranged from 5 - 23 mm with over 75 
percent of the larvae measuring between I3 and 20 mm. The 
size composition and increase in numbers suggested that 
spawning intensified in December. 
In February, anchovy larvae were still common in the plankton 
and were widely distributed over the whols :;.~ea north of 
Pal.grave Point. Specimens were most numerous 50-80 km from 
the coast off Cape Frio and Mowe Point. Approximately 85 
percent of the specimens captured during the February cruise 
were recently hatched ( 3 - 12 mm ) which showed that spawning 
was widespread in the north between January and early February. 
The number of larvae increased slightly in March and consisted 
of mixed size groups ranging from 4 to 23 mm. All the larvae 
were caught in offshore waters between Cape Frio and Palgrave 
Point. The centre of greatest larval abundance was 80-112 km 
from the coast west and south-west of Cape Frio. Specimens 
measured between 4 and 23 mm, but larvae with lengths of 8-16mm 
formed 75 percent of the sizecomposition. The distribution 
and size frequency of larvae collected in March suggested that 
anchovy spawning continued into late February and early March. 
TABLE Y. . • A summary of the monthly hauls and abundance of 
anchovy larvae I972 - I973. 
-----------···.,.--·--------------------- . i---··-··-····-:·- ---·-··---- .. -----·-····--! 









i March i 
No.of No.of positive No.of larvae Mean no. Percentage· 
hauls hauls collected of larva~ of total 
per 10m. collected 
--------------·-· --·----·- . __ L. .... ---·---
--~· 
126 0 0 0 0 
I26 0 0 0 0 
156 0 0 0 0 
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Fig. 5 Length co mposi ti on of anchovy larvae coil ected 
during the survey cruises· August 1972 to 
March 197 3 
I6. 
SURVEY 2 ( August I973 - March/April I974 ) 
Anchovy larvae were taken in the plankton from October to 
March/April predominantly in the northern p_art of the research 
area. The regional distribution of larvae during summer and . 
early autumn was similar to that of Survey 1. 
The monthly distribution and abundance of larvae together with 
surface.temperature distribution is shown on Figure 6 and the 
length composition of specimens collected on each cruise on 
Figure 7. A summary of the monthly hauls and catches is -given in Table YI • 
Larvae were generally scarce from spring to early summer 
although small isolated patches were found offshore between 
~ Cape Frio and Palgrave Point. The samples contained mainly 
larger size groups ( IO - 22 mm ) presumably derived from 
sporadic spawning in September, October and November. 
In January, larvae were numerous in the offshore waters north 
of Palgrave Point with the greatest density occurring approx-
imately 80 km west of Mowe Point. The length composition 
showed that about 50 percent of the specimens were less than 
IO mm long and probably hatched from eggs spawned during late 
December or early January. It is very likely that the more 
advanced stages resulted from earlier spawning. 
Larvae reached peak abundance in the plankton during February 
and were widely distributed from Cape Frio to Cape Cross. 
' Highest concentrations were found at stations 14-04 and I4-12 
approximately 32 and 96 km south west of Cape Frio. Further 
south, larvae were also common 96-112 km west of Palgrave 
Point. Most of the specimens collecte.d in February were 
recently hatched, indicating heavy spawning in early February. 
Anchovy larvae were still plentiful and widespread in the 
offshore waters north of Palgrave Point during March/April. 
Maximum density ( + 500 per IO m2 ) was recorded at station 
22-14 about 112 km from shore. Some isolated specimens were 
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Fig. 7 Length composition of anchovy larvae collected 
during the survey cruises August 1973 to 
March I April 19 71. 
I9. 
Although the size composition of those collected during 
March/April ranged from 4 to 26 mm in length, 75 percent 
were longer than IO mm. These larger forms probably 
represented the same cohort of newly-hatched larvae captured 
during the February cruise. The small number of early 
stages in the plankton suggested a decline in spawning 
activity between February and March. 
TABLE YI • . A summary of the monthly hauls and abundance 
of anchovy larvae I973 - !974. 
1--------------·--~-··-···----·· ., -----------· .. ···-·-·r·-----·-... -..... _ ____, -··· ·--- i 
1
1 
Month No.of hauls 1
1 
No.of No.of Mean no. Percentage! 
taken , positive .larvae of of total I 
~
-----------·--·----· j hauls l. collected, larvae \ collected .1 
J I I per 10m2 ; I --------·--r---------- --·----··· .. --1- -1------1 
126 l 0 0 I 0 Ii 0 l 
September 135 0 0 j 0 0 
August 
I October 180 2 5 ! 10, 1 i 0,5 
1 November 180 6 31 131,2 I 3.Q. 
j December 180 8 68 j20,5 I 6,:~ 
I f 
I
. January 180 10 l 197 i 13,9 j 20~,1 
6 l 8 16 i 6 ~ February . 1 9 32 j 4 5 j 0,5 ) -4· .. 19 1 
l March/Aprill 175 ! 36 248 •36,7 : 24 1 9 I L--·-····----·-.. -... .;... .. _____________ -1------------..L ----·----· .. ---1 
Diurnal Variation in Catches 
Anchovy larvae showed marked fluctuation in abundance over a 
twenty four hour period. Over three times as many larvae were 
caught in night hauls as in day hauls. The day/night ratio 
of larvae of different sizes clearly indicated that the 
larger size groups accounted for the high numbers in the night 
collections. ( Table VII ) 
Figure 8 reflects the percentage catch ( at positive stations 
only) of three different size categories of anchGvy larvae 
at 2-hourly intervals over a period of 24 hours. Recently 
\ 
hatched larvae ( <5,0 mm) were most abundant during the 
day and least numerous at night. No larvae less than 5,0 mm 
in length were captured during the early hours of the morning. 
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Fig. 8 Diurnal variation in catch rates of anchovy larvae 
according to size categories (all cruises) 
-TABLE fil • • 
2I. 
Size categories of anchovy larvae caught. 
during day and night hauls. 
------..--·-----.------·-· 
Hauls Percent D/N Ratio 
I larvae i larvae 
I --.. -·--·- --·---- ----·-+-·---------
! 
!<5,0. 370 72,5 142 27,5 2,6:,. 
:5,1 - 10,0 ' 241 25,8 690 ; 74,2 1: 2,9 
10,1 - 15,0 363 I 11,4 2784 I 88,6 1: 7,4 I 
.~~: -~~==i-~~~-~-1 ~;: ~~=i----~:::=t :: : _-f, :-: ~~~~1 
I . . 
In contrastp older larvae were rarely taken during the day and 
were totally absent from samples collected between IOhOO and 
I4h00. Towards dusk, larger larvae were taken more frequently 
and peak catches were recorded between midnight and 02hOO. 
During early morning, the number of larvae in the plankton 
declined and collections after dawn ( 07h00 ) yielded few. 
Ahlstrom (I959) also found that larvae of the northern anchovy 
~· mordax were almost five times as abundant in the night hauls 
as in the dayp and it was reported that a greater proportion 
of larger larvae were captured in night hauls. The larvae 
of the Japanese anchovy E.japonicus also showed a similar 
diurnal trend, increasing towards dusk to reach maximum 
abundance at midnight, again decreasing towards dawn.( Ida 
!972). 
Occurrence of Larvae in Relation to Temperature 
Anchovy larvae were captured in regions where surface 
temperatures ranged from 14,8° to 22,0°c but were most 
abundant at temperatures between 17,0° and 21,0°c. Seventy-
seven percent of the larvae caught were taken at temperatures 
of r8° - 21,0°c. Only 70 percent were found at surface 
temperatures below r8°c and 3 percent at temperatures greater 
than 21,0°c. The abundance of larvae in relation to surface 
temperature is summarised in Table !LQ:.. 
TABLE mT - • . 
\ 
22~ 
Relation between surface temperature and 
abundance of anchovy larvae I972 - 1974. 
---------- ----... -- ·-· - -· \ . 
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Number of standard hauls that 
I-5 16-10 i 11-100 1101-250 
I 
i 
0 1 0 0 
5 1 1 0 
4 0 3 0 
11 4 10 1 
26 9 21 7 
16 10 22 I 2 
' 
9 3 25 I 4 I 
4 0 3 I 0 I 
I 
__ J_ __ 
collected:-
250+ /Total 
larvae ' larvae 
I 
1 0 I 1 
0 I 7 l 




1 I 42 
0 7 
Since the hauls were made between the surface and 50 m , larvae 
could have been taken at any depth or temperature within the 
0 - 50 m column. Consequently, it is difficult to relate the 
occurrence arid abundance of larvae to a particular depth or 
temperature. In studies on the vertical distribution of the 
larvae of the northern anchovy, !· mordax, off California, 
Ahlstrom (!959) recorded that at some stations larvae were <,..._"::') 
abundant in the upper 23 m but were generally more numerous . 
in the mixed layers between 24 and 48 metres. 
Ida (!972) noted that the larvae of the japanese anchovy, ~· 
japonicus were most abundant at depths of 20 metres. If the 
frequency occurrence of anchovy larva'e taken during this 
investigation is related to temperature at a depth of 20 m, 
then larvae were found over a temperature range of 13,9° ~ 
21,0°c. However, 72 percent would have been caught ~etween 
I7,1 and 21,0°c, 26 percent between I5,1° and I7,0°C and less 
than 2 percent at temperatures below 15,0°c. The abundance 
of larvae in relation to temperature at a depth of 20 m is 




-TABLE IX - • • Relation ,between temperature at 20m and apundance 
of anchovy larvae !972 - !974 
·----·-·-----
j Temperature L_ Number of standard hauls that collected:-
! at 20 m ( 0 c) j 1-5 6-10 11-100-.. -:-101-250-\ 250+ Total l 
I I larvae larvae larvae larvae j larvae r 
1-:~~-1 0 I 0 0 I 0 
'14,1 - 15,0 2 0 0 0 0 
15,1 - 16,0 6 2 1 22 
4 16,1 - 17,0 
17,1 - 18,0 
18,1 - 19,0 
19,1 - 20,0 
20, 1 - 21,0 
9 6 12 
17 6 I 21 6 
15 3 1, 16 6 
3 1 6 4 













To test whether the relationship between larval abundance and 
temperature classes at the surface and at 20 m was significant, 
the Kruskal-Wallis one way analysis of variance by rank (Siegel 
I954 ) was applied to the individual observations on which 
.Tables Vffi and IX are based. The results yielded Ho values 
of 20,45 and 21,38 .respectively which suggested that differences 
were significant at the 1% levelo 
It is apparent·~- therefore, that anchovy larvae are associated 
mainly with high temperatures and that larvae collected within 
the 0-20 m layer are likely to occur at temperatures of between 
0 0 I7,0 and 21,0 c. 
Occurrence of Larvae in Relation to Salinity. 
tfo subsurface salinity measurements were taken and larva.I 
occurrence is related to surface salinity only. Anchovy larvae 
occurred at surface salinities ranging from 35,00°/oo to 
35,90°/oo. The abundance of larvae in relation to surface 
salinity is shown in Table! • 
I 
Although the larvae demonstrated a wide tolerance to fluctuations 
in salinity, 70 percent of hauls containing larvae were made 
o· . 
at surface salinities of 35,31°/oo - 35,60 /oo. 
240 
·only about 8 percent of the positive hauls were taken at surface 
0 
salinity ~ess than 35,31 /oo and 21 percent at greater than 
35,60°/oo. The same analysis as used in the temperature 
relationship was applied to the raw data summarized in Table 
IX and showed that differences were significant at the !% -
level ( H0 • 20,45 ; P ( O, 1 ) • Based on the observations 
in Table 12£ , most anchovy larvae are likely to occur at 
surface salinities of between 35,31°/oo and 35,60°/oo. 
Salinities of less than 35,00°/oo are apparently limiting. 
The upper tolerance level was difficult to determine since 
the regional distribution of larvae to the north and west 
was not encompassed. Nevertheless, larvae are probably 
uncommon at a surface salinity greater than 36,00°/oo. 
TABLE X - • • Relation between surface salinity and abundance 
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Distribution of Larvae in Relation to Hydrology 
The seasonal distribution and abundance of larvae may be 
related to fluctuations in hydrological events. The 
hydrology of the area is described in detail for both years 
by O'Toole (I977a) but surface temperature can be examined 
in relation to larval distribution in Figures 4 and 6• 
25. 
Survey 1 ( August !97? to March !973 ) 
Anchovy larvae were not found in the plankton between August 
and October when the hydrological environment was typical 
of upwelling conditions. In November, coastal upwelling 
weakened, warm water moved eastwards into the spawning 
grounds and only a few larvae were encountered. 
Larvae first occurred in relatively large numbers in the 
north during December. The regional distribution of larvae 
was closely related to a warm influx of I9° - 21°c of water 
which invaded the area sometime between late November and 
early December. On the Cape Frio line, the vertical 
temperature section indicated a warm water intrusion about 
30 m: in thickness at offshore stations, becoming warmer 
towards the coast. Vertical mixing was evidently taking 
place in the upper 20 m layers especially close inshore. 
Further south, off Palgrave Point, the warm I9° - 21°c water 
had moved nearer to the surface and was present only as a thin 
layer, less than IO·m in thickness. Thermal stratification 
was pronounced and conditions were generally stable. 
Anchovy larvae were noticeably more abundant on the four 
northerly lines ( !4 - 26 ), where the wedge of warm water 
was deepest and/or thickest. Larvae were less abundant to 
the south where the warm water became shallower and moved 
offshore. 
Renewed upwelling in January displaced the warmer water to the 
west and formed a sharp boundary between the cooler coastal 
and warmer oceanic water masses. The front was particularly 
well-developed along the Cape Frio line about 50-60 km from 
the coast. Further south the frontal system began to weah~n 
and the warmer water was displaced offshore. Vertical 
temperature profiles showed that strong vertical mixing was 
associated with the front off Cape Frio and that I9 - 20°c 
was 25-35 m thick at offshore stations. On the Palgrave 
Point line, mixing was not as marked and I9°C water was 
closer to the surface and more offshore. Anchovy larvae 
were most abundant in thG plankton in January and occurred 









Larval distribution, both.inshore and to the south, was closely 
related to the position of the frontal system. Anchovy larvae 
were more plentiful offshore, west of Cape Frio where vertical 
mixing was most marked. 
In February, upwelling had weakened in the north and a widespread 
1nt1'usion of warm I9°-20°c water advanced eastwards. Compared 
with January, the distribution of larvae was wider both inshore 
and to the south, apparently corresponding to the extensive 
distribution of warm mixed water. Although no vertical 
temperature sections were taken during this month, it was 
obvious from surface features that the frontal system was still 
well-developed in the north and that considerable mixing was 
taking place. Anchovy larvae were most abundant between the 
19° and 20° surface isotherm. 
Renewed upwelling in March pushed the oceanic water westward. 
Larvae were also found further offshore and appeared to follow 
the seaward displacement of the !9°-20° isotherm. The 
distribution of temperature with depth on the Cape Frio line 
showed that the wedge of I9°-20°c water was 30-35 min thickness 
at the outer stations. 
To the south, off Palgrave Point, the warm water mass moved 
offshore and closer to the surface. The upward slopes of 
the isotherms in the north suggested active mixing in upper 
layers. Anchovy larvae were more common at offshore stations 
where 19° and 20~C water was deepest and were also found at 
the outermost stations off Cape Cross ( line 54 ) where a small 
intrusion of oceanic water pushed against cooler coastal 
water. 
Survey 2 ( August I973 to March/April I974 ) 
The general hydrological features in I973/74 were similar to 
those of !972/73. However, the sequence of events differed 
somewhat during survey 2. The seasonal distribution and 
abundance of anchovy larvae also reflected corresponding 
fluctuations in response to hydrological change. 
- ./ 
27. 
As in !972, larvae were virtually absent from the plankton 
during the active upwelling months ( August to October ) of 
!973. In November, larvae were not very common and occurred 
offshore between Cape Frio and Mowe Point in relatively warm, 
well-mixed I6 - 17°0 water. 
Warmer I8° - 19°0 water advanced inshore in December and larvae 
were found mainly along the mixing area on the oceanic side of 
the front. Larva abundance increased considerably in January 
following an influx of I9°-20°c water towards the coast. At 
offshore stations north of Palgrave Point, rg0 c water was 
present at depths of I5-20 m. Inshore and to the south, the 
I9°c water became shallower, seemingly limiting the distribution 
o:f larvae. 
During February, highest densities of larvae were found to 
correspond with an intrusion of 20°-21°0 water. Vertical 
temperature profiles along the Gape Frio and Palgrave Point 
line showed that I8°-20°c water was present over a greater depth 
than in January. South of Palgrave Point, the tongue of warm 
water was pushed closer to the surface and displaced offshore. 
Compared with January, mixing was more active in the upper layers, 
at offshore stations where larvae were found and specimens were 
more widely distributed both inshore and to the south. The 
centre of larval abundance occurred off Cape Frio between the 
!8° and 21°c isotherm. 
In Marc_h/April, a very warm' tongue of 21°-22°c water advanced 
southward and 20°c water pushed closer to the· coast. 
Temperature distribution in the upper layers off Cape Frio 
showed that th'e warm core of I9°-20°c water was present at depths 
of 20-30 m but became progressively shallower towards the coast 
and to the south. 
The distribution of anchovy larvae during March/April was 
closely related to both the vertical and horizontal distribution 
of the 19° and 20°c isotherms. 
28. 
c_j 
Variation in Distribution between Years. 
Anchovy larvae were rarely ~-0llected during the active upwelling 
months ( August to October ) o.f either year •. 
By November, upwelling had usually weakened and warm water pushed 
shorewards. Although temperatures were higher and warm water 
intrusions mere widespread in the north during November !972, 
anchovy larvae were more numerous in November I973 at lower 
temperatures. Occurrence of larvae during November !973 could 
have been caused by the presence of strong vertical mixing in 
the north associated with relatively warm I7°c water which 
may have stimulated anchovy to spawn earlier. In contrast, 
vertical mixing was not as marked during November I972 and 
hydrological conditions were more stable. 
During summer months, the movement of warm r8°-20°c water inshore 
and southwards appeared to have a considerable influence on the 
timing and intensity of spawning. For example 1 incursions of 
I9 - 20°c water were more pronounced and larvae were more 
plentiful in the plankton during December I972 than in December 
!973. 
Although, surface temperatures were generally similar in January 
of both years, larvae were more abundant in the plankton during 
Survey 1. In January !973, a well-developed oceanic front 
occurred in the north corresponding with _the centre of larval 
abundance. The front was weaker and not as evident in the 
upper layers in January I974. 
Anchovy larvae were also more numerous and widely.distributed 
in the plankton in February I973 when warm oceanic water 
penetrated further south and eastwards. However, in February 
I974 larvae were not as abundant and the influx of warm water 
was weaker and less extensive. 
Larvae were more abundant and widely distributed during March 
I973 than in March/April I974, perhaps indicating that 
hydrological conditions were more favourable for spawning in 
I97J. Although water was warmer in March/April I974, vertical. 
mixing was more evident and the core of r~0c water was IO-IS m 
deeper in March !973, particularly along intermediate lines 
' 
29. 
between Cape Frio and Palgrave Point. 
Develoi::;me nt and Grmrth 
The developmental r'.3.te of South West African anqhQvy ;eggs was 
not determined but eggs collected off the Cape Peninsula 
hatch.after 53 hrs at a temperature of 16,o0c and after 
36 hrs at 20,0°0 (D.P.F. King, Sea Fisheries Branch, personal 
communication). These rates of development compare favour~bly 
with those of the northern anchovy E. mordax (Zweifel and 
Lasker 1976), the Japanese anchovy E. jaRonicus (Nishikawa 
1901) and the Argentine anchovy E. anchiota (de Ciechomski 1967). 
If anchovy eggs collected off South West Africa develop 
at the same rate as those from the Cape Peninsula, then eggs 
spawned in waters of 17,0°c would take from li to 2 day~ t~ 
hatch. On hatching, anchovy larvae have a mean length of 2, 90mm 
and would take from 2t - 3 days to reach a stage where the 
yolk-sac is fully absorbed and the eyes are pigmented 
(3,75 - 3,85 mm) (D~P.F. King, Sea Fisheries Branch, personal 
communication). Therefore it could be assumed that the 
small larvae (3,5 - 4,0 mm long) collected during the 
SWAPELS cruises had hatched 2! - 3 days previously. 
The usual method of estimating the age of fish larval 
populations in the sea is to trace length cohorts of 
groups of larvae by sampling an area repeatedly over 
a short period of time. In this study, th~>'.coritinuous 
nature of spawning, which was reflected by the frequent 
presence of mixed size groups in the samples, made the 
distinguishing of cohorts between successive cruises 
difficult. In addition, since the time interval between 
each cruise averaged 30 days, a patch of newly-hatched, 
larvae identifiable during one month was not always 
traceable during the following month due to mortaiity, net 
avoidance and dispersal. Nevertheless, a particular group 
of larvae could be distinguished on both the January and 
February cru.ises of 1974 (Fig. 6) and an estimate of the 
growth of anchovy larvae made. 
30. 
On January 12-13, a patch of larvae consisting mainly of 
recently-hatched individuals ( (5,0 mm long) were found in 
the offshore plankton west of M~we Point. A separate group of 
predominantly larger larvae (20 - 25 mm) were located during 
the following cruise on February 8-9 but occurred west of 
Palgrave Point, i.e. further south. It is assumed that some 
of the more advanced larvae captured during the February 
cruise were derived from the same population as that sampled 
in January as hydrological evidence (O'Toole, 1977a) suggested 
a southward current movement during the intervening period. A 
comparison of the relative abundance of size classes in the 
two groups showed that in January, larvae measuring between 
3 mm and 4 mm predominated whereas specimens of between 20 mm 
and 22 mm were most common in February (Table~). This 
indicated a length increase of 17-19 mm in a period of 26-27 days 
i.e. 0,5 - 0,6 mm per day, at temperatures varying between· 19°C 
and 20°0 or that anchovy larvae of 20 mm to 22 mm in length were 
28-30 days old from the time of hatching. 
TABLE .Z! Length composition of anchovy larvae captured at two 
locations on January 12 - 13 and February 8 - 9 1974. 
Januacy (west of Mtlwe Point) -LFebruary (west of Palgrave Point) 
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3I. 
In general, the growth of E. caEensis larvae was similar to that 
of that of the northern anchovy. Kramer and Zweifel (I970) 
estimated the age of a 20 mm laboratory reared !• mordax larva 
as 33 days from the time of hatching at a temperature of 11°0 
and 2I days old at 22°0. 
Dispersal 
The dispersal ~f eggs and newly hatched larvae fr~m the breeding 
areas in the north will obviously be influenced by the movement 
of water masses in the region. 
Although no in situ current measurements were taken during the 
surveys, certain gross features of water circulation could be 
detected from the distribution of temperature and salinity 
( see Figs. 4 and.5: O'Toole I977a ). During summer, warm saline 
water generally moves inshore and slowly southwards over the 
spawning grounds. However, circulation is also variable and subject 
to continual fluctuation. 
February and March were chosen to illustrate dispersal trends 
as these months are typical ( Fig. 9 ). In February I973, anchovy 
larvae less than 8,0 mm long were concentrated in a large area 
between Cape Frio and Palgrave Point. By March, the distributi'on 
of larvae longer than 15,0 mm indicated an off-shore, westerly 
displacement probably as a result of renewed upwelling near the 
coast during the intervening period ( see Fig.4 ). 
In contrast, the dispersal of larvae over February and March/April 
1974 showed a different trend. Small larvae were found mainly 
off-shore during February but in March/April the distribution of 
larger specimens suggested that movement had taken place both 
inshore and southwards. Hydrological data over these two months 
( Fig.6 ) clearly indicated a marked southerly and inshore thrust 
of warm water which must have been responsible for the general 
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The anchovy off.South West Africa apparently spawn continuously 
from September onwards but the main breeding season during 
both survey years was December - March. Although sampling 
was not conducted from April to July in 1973 or after March/ 
April 1971,the scarcity of small larvae in the samples and the 
decrease in relative abundance suggested that .the spawning 
season was nearing completion towards autumn. The main centre 
of spawning activity was between Cape Frio and.M~we Point 
further than 50 km from the coast. However, spawning may 
have been considerable to the north and west of the area sampled 
since larvae were often numerous on the most northerly and off= 
shore stations. These findings are in general agreement with 
Ratte (1974) who notea that gonad .activity of the anchovy in 
South West African waters reached a peak in summer (December -
February) and declined in autumn. Evidence of a protracted 
spawning season is suggested by King (1977 in press) who 
reported that anchovy eggs were most· abundant off the::·aoa.st 
from December to March. 
Anchovy are known to spawn over a wide range of temperatures 
off South West Africa (King 1977 in press) and it is apparent 
from the frequency of egg and larval occurrence that warm 
saline water is preferred. Greatest numbers of both eggs and 
larvae were found where temperatures ranged from l790°C to 
20,0°c in the upper 20 m layer and salinities averaged between 
35,31% and 35,60%. 
Three times as many anchovy larvae were collected in night 
hauls than in day hauls, but differences in length composition 
demonstrated that the larger size groups accounted for the 
high numbers in the night collections. It is widely believed 
that the variation in the number of larvae at various stages 
of development collected at different times of the day and 
night are mainly due to the ability of the more advanced fDrm 
to avoid slow-moving :sampling gear during daylight. This 
probably explains why large anchovy larvae were. more common in 
... ,. 
night hauls. Behavioural responses' towards light and food 
may also have accounted for the increased frequency of smaller 
specimens in day hauls. In daylight, positive phototrophic 
reaction may have caused the small larvae to concentrate in 
patches while feeding in the upper layers whereas at night, 
newly hatched larvae may become more passive, disperse and slowly 
sink to deeper layers. 
Using the distribution and seasonality of larvae as an indicative 
it would appear that anohovy spawning is principally confined 
to the warm water zone near the boundary between the southward 
flowing Angola Current and the colder water of the northward 
flowing Benguela Current. The regional distribution and the 
intensity of spawoing seemed closely linked with the timing, 
distribution and the depth of warm water intrusions associated 
with seasonal hydrological changes in the northern part of South 
West Africa. For example, larvae were more numerous and wide= 
spread when 19 - 20°0 water was deeper and exteuled over a 
large area. This was particularly evident in January 1973. 
Conversely, larvae tended to be less numerous with a more 
limited distribution when oceanic intrusions were weak and warm 
water was only present close to the surface. This situation 
occurred in January 1974. The prevalence of favourable oceanographic 
conditions accompanied by influxes of oceanic water during summer 
months may therefore influence the regional spawning area 
available to the adult fish. If intrusions of warm water are 
widespread, anchovy spawning may take place over a larger 
area and consequently the pelagic larvae may have a better chance 
o~ survival thus le~ding to good recruitment. In contrast, 
excessively high temperatures together with stable oceanographic 
conditions or an abnormal extension of cold Benguela water to 
the north during summer way cause anchovy spawning to be more 
limited and less successful. 
During the planktonic phase, transportation of larval fish by 
water currents can play a vital role in determining the fate 
of a year-class. Current circulation of water in the northern 
part of South West Africa during the spawning season could 
therefore influence brood survival of the anchovy. Offshore 
.. ;: 
displacement away from the mixing zone may carry developing 
larvae away from areas of food productions into regions where 
temperatures are excessively high and food of the correct type 
and size is scarce. On the other hand an inshore southerly 
drift would tend to transport the larval stages into the coastal 
environment where the chances of encountering more favourable 
conditions are greater. 
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The horse niackerei Ttaqhurucj tracnurus Linnaeus occurs in large 
nuinbers in the Wat~rs around southern Africa. The species is 
particularly abundant along the west coast where depths do not 
exceed 400 m ( Smith 1970 ) and is of considerable economic 
importance. Two sub species, 1·· trachurus capensis (Cape 
horse mackerel/maasbanker) and T. trachurus trecae (Cunene 
horse mackerel) are now recognised and can be distinguished by 
the length of the secondary lateral line and the width of the 
scutes along the lateral line curve (Baptista 1976). However, 
the two forms have contrasting geographic distributions. The 
Cape horse mackerel is found mainly from the Cunene River 
(I7°20'S) South West Africa to the Cape Peninsula in South 
Africa whereas the Cunene horse mackerel frequents the warmer 
subtropical waters of Angola and Zaire. Occasionally both 
species may be caught simultaneously, especially off the Cunene 
River (Wengrzyn I-976) but in general the species found south of 
the Cunene may be regarded as !· trachurus caEensis. 
In South Africa,total landings of maasbanker declined from 
100963 metric tons in I951 to 813 metric tons in !975. In 
contrast, however, catches of maasbanker increased off South 
West Africa, fluctuating between 72000 metric tons in 1968 
and 200000 metric tons in I973 ( F.A.O. 1974). The development 
of the fishery off South Wes.t Africa has been relatively recent. 
Komarov (1964) reported that in the early I960's, extensive 
maasbanker resource was located by Soviet fishing vessels in 
the offshore waters around the Cunene River. Since then, 
the fish stock has been rapidly exploited by the distant water 
fleets of several countries, the greatest proportion of the 
catch being taken by vessels of the Soviet Union. 
The local fishing industry at Walvis Bay is concerned mainly 
with the harvesting of the rich resources of pilchard and 
anchovy that frequently occur near the coast. Occasional 
catches of maasbanker are taken by local purse-seiners while 
fishing for pilchard, but these landings mainly consist of 
juvenile fish ( F.H. Schulein, personal communication,Sea 
Fisheries Branch). 
2. 
The general biology of the maasbanker has been investigated by a 
number of workerso The fish have a relatively long life and 
growth is slow ( Geldenhuys I973,_Kompowski and Slosarczyk 1976 )o 
Trachurus trachurus is a serial spawner with gonads developing 
asynchronously ( Macer 1974). In South West African waters, 
maasbanker become sexually mature at lengths of 22-27 cm 
( 3 - 4 years ). Gonad activity is high from January to April 
but ripe females are sometimes found at other times of the year 
(Komarov 1964). 
According to Davies (1957) and Mc Leod (1971) juvenile maasbanker 
feed selectively predominantly on copepods, euphausids and small 
fish. Kompowski and Slosarc7.yk (1976) found that the adult diet 
was essentially similar but that myctophid lanternfish formed 
an important food item, especially for larger fish. 
Little is kno\vn about the early life history of the maasbanker. 
The larval development was described by Haigh (!972) but there 
is no description of the egg from southern Africa. The 
distribution and ecology of the pelagic eggs and larvae have 
not been previously studied. This report is based mainly on 
the larval stages which were collected during the SWAPELS cruises 
off South West Africa between 1972 and 1974. Monthly surveys 
were conducted from August I972 to March 1973 and from August 
I973 to March/April 1974 between Cape Frio (18°2o•s) and Hollam's 
Bird Island ( 24°4o•s) ( Fig. I ). Details of the collection 
methods, dates of cruises, station positions and depths are given 
'} ' 
by O'Toolr~ (1976, I977 b). Maasbanker larvae formed 4,-~ percent 
{ 
of all species captured during the two-year survey and ranked 
":)_,<\I 
fifth in order of abundance. The larvae comprised 3,~-Zpercent 
~~ ;:!'-" 
and 4,,95 percent of the total fish larvae taken on Survey 1 
and Survey 2 respectively. Such aspects as seasonality, 
distribution, abundance diurnal variation in catches, hydrological 
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4. 
RESULTS 
Description of the Egg 
The egg of the maasbanker is smooth, spherical, medium in size 
and has a single fairly-large oil globuleo The mean diameter 
of 300 eggs taken randomly from plankton samples was 0,910 mm 
( range; 0,85-0,95 mm ). The oil globule is positioned at 
the vegetative pole and is yellowish in colour, its diameter 
ranging from 0,20 to 0,27 mm with a mean value of 0,22 mm. 
The yolk is lightly segmented and averaging 0,780 mm in 
diameter ( range: o,65-0,87 mm). The mean width of perivitelline 
space was 0,082 mm. The dimensions of the egg are given in 
Table I. 
TABLE "1 • The size range ( in mm ) of maasbanker eggs 
No.of l Egg Yolk Oil globule 
36 0,852 - o,868 o,65 - 0,72 0,20 - 0,23 
120 0,871 - 0,900 0,77 - 0,80 0,20 - 0,27 
170 0,901 - 0,920 0,72 - o,85 0,20 - 0,21 
126 0,921 - 0,948 0,75 - 0,90 0,20 - 0,27 
48 0,950 I 0,80 - o,87 0,22 - 0,27 -- ' ,__ 
These egg dimensions agree closely with the findings of other 
authors. Haigh (!972) reported that maasbanker eggs from the 
Cape Peninsula were seldom larger than 1 mm in diameter. Eggs 
of !· trachurus from the northern hemisphere have a diameter 
of 0,7 to 1,09 mm and an oil globule of 0,19 to 0,28 mm (Ehrenbawn 
I909, Kiliachenkova I970). 
Development of the Egg 
The development of the maasbanker egg from southern Africa has 
not been described or illustrated. 
A range of developmental stages beginning shortly after 
fertilization and ending just prior to hatching were present 
in the plankton samples and are shown in Figure 2. The early 
embryonic stages ( Fig.2 A, B ) were often milky white in 
appearance, a condition probably resulting from mechanical 




···o· .. -·--_::: . ·. . 
··:'.'.:'.:·:.·:.:· 
.. ·· ··. 
_;·.\_ .. ·. 
:. . ~ "' : . . . 
" f ·: .. .. ·:.-' ·,,· 
, • '-· •, .:• • ': ~ •I • 
--
~ : ·._. : .: . 
- .. : .. ~- . :_ ....... ~ .· 
-~ , .. ~ ...... --~' ...... : .. . 
-5-
B 
. ' ,. . ~. ~ 
··.·._; 








Egg development of the maa sbanker Trachurus tracburus 
A: egg shortly after fertilization, 
C · blastopore closure 
E: tail flexion , 




pre - hatching 
r 
::._c~>' • 
~'"-- .:.... . --
6. 
The oil globule is roughly spherical and situated oppdsite the 
developing blastodisco In some cases, the globule was 
fractured into several small droplets. During the initial 
development, the germ ring moves around the margin of the 
blastodisc until it has completely surrounded the margin of 
the blastoderm. At the end of this stage the embryonic axis 
is clearly visible and the optic vesicles are present but not 
completely formed. 
The developing embryo lacks pigmentation and the oil globule 
is at the periphery of the yolk in a median position (Fig 20). 
The tail bud becomes free from the yolk shortly after the 
blastopore closes and a number of pigment spots appear on the 
underside of the oil globule. Pigmentation of the embryo at 
this stage consists of a double row of small dendritic 
melanophores along the dorsal surface on each side of the 
notochord, some of which are migrating ventrally. The row 
of pigment spots extends from behind the eyes to the caudal 
region ( Fig.2D ). However, the tail itself lacks pigmen-
tation. 
As the body elongates, the tail begins to curl around the yolk 
and the fin folds develop. In the beginning, scattered 
melanophores migrate ventrally along the lateral surface of 
the embryo at the mid and posterior part of the body. The 
two rows of melanophores viewed dorsally, form a characteristic 
arch on the cranial'region ( Fig. 2 E ). Prior to hatching, 
the embryo increases in length and encircles the yolk (Fig.2F). 
The fin fold deepens becoming lightly pigmented anteriorly and 
15 - 18 myomeres can be counted. In fresh material, movement 
of the embryo is frequently observed at this stage. P"'-~;M, )""t-~ 
el'>'\br~~·c,.. c\e •. >e..\o{lrtef\t: 1 ti.R. Q\L ~lo~"'-\€.. ~c'/~';) ~ o... -tcw<l~ ~os.l\l<M k~~, .. ~ 
~ 1-le..M.. 
Description of the Newly-Hatched Larva 
Although Haigh (1972) gives a detailed description of the larval 
development, no newly-hatched larvae were described or 
illustrated. 
Preserved yolk-sac larvae measured between 2,25 and 2,5· mnL 
Pigmentation consists of irregularly spaced melanophores along 
the dorsal and ventral margins of the body ( Fig. 3 ). Dorsally, 

























about 4/5 of the body length and ventrally to approximately the 
same position. The head region is lightly pigmented and spots 
form a noticeable arch behind the eyes. A few isolated pigment 
spots are present on the anterior part of the fin fold. In 
general, pigmentation of the yolk-:3ac larva showed little 
difference from that of the late embryonic form. The oil 
globule is characteristically situated at the anterior part of 
the yolk-sac beneath the head, a useful feature in the 
identification of Trachurus larvae ( Ahlstrom and Ball I954). 
Newly-hatched larvae lack eye pigmentation and the mouth is not 
yet fully formed. 
When the larva is between 3,00 and 3,20 mm in length, the eyes 
begin to develop pigment and the pectoral fin buds appear. The 
melanophores on the·head region now form a discrete cap and 
extend forward between the eyes. Pigmentation on the rest of 
the body remains essentially unchanged. The yolk-sac becomes 
much reduced and the mouth rudiments are partially formed. By 
the time the larva reaches approximately 4,00 mm in length the 
eyes are fully pigmented and the yolk-sac is entirely absorbed. 
The mouth and jaws are functional and a few scattered 
melanophores appear on the upper and lower jaw and in the region 
of the cleithrum. 
Distribution and Abundance of Eggs 
Maasbanker eggs were identified but not counted during the 
course of the investigation. Since many of the larvae 
collected during the surveys were newly-hatched ( <5,0 mm) and 
eggs often occurred together with larvae, it is assumed that 
egg distribution closely resembled larval distribution. Eggs 
werP. present in the plankton from October to March/April, 
chiefly in the northern offshore region~ Greatest numbers 
of eggs were observed in summer months, particularly from 
January to March/April. The seasonal occurrence of eggs 
agrees with the findings of Komarov (!964) who reported that 
fish with ripe gonads were found in the Cunene R:iver - Cape 
Frio region between the months of January and April. 
9. 
Distribution and Abundance of Larvae 
Maasbanker larvae were widely distributed between Cape Frio 
and Conception Bay but were most abundant in the northern part 
of the research area (.Figs. 4-5). Approximately 70 percent 
were found north of PaJ.grave Point during the two years 
surveyed. Only about 6,5 percent of the larvae were collected 
south of Henties Bay ( 22°s). The percentage occurrence of 
the totaJ. number of larvae taken in the different parts of the 
research area during I972/73 is summarized in Table TI. 
TABLE IT : - The percentage of larvae collected in the different 
parts of the research area during I972 - I974 
Area Station Line I972/73 !973/74 !972/74 
Cape Frio - Mowe Point 14 - 26 64,9 19,8 33,8 
Mo we Point - Palgrave Point 30 - 42 19,0 46,o 37,1 
Palgrave Point - Henties Bay 46 - 58 10,0 29,4 21,7 
Henties Bay - Sandwich Hb 62 74 5,7 4,2 
Sandwich Hb - Hellams Bird Is 78 - 90 1, 2 0,5 
Maasbanker larvae were found over the entire inshore/offshore 
sampling range but predominantly ( over 85 percent) at 
distances greater than 30 km from the coast ( Table III ). 
The distribution of larvae to the north and to seaward was not 
delineated but the southern limit of larval occurrence was 
apparently in the vicinity of Conception Bay. The frequent 
presence of large numbers of larvae on the most northerly line 
at Cape Frio and at offshore stations suggested that larval 
distribution extended a considerable distance further north 
and west of the survey area. Although the distribution of 
maasbanker larvae was similar during both years, the centre 
5,6 
1, 7 
of abundance differed. During I972/73, maximum concentrations 
O·f larvae were found in the north between Cape Frio and Mowe 
Point, whereas in I973/74, larvae were more abundant further 
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TABLE III : The percentage occurrence of maasbanker larvae 
in relation ~o distance from shore, I972 - I974 
Distance from shore !972/73 I973/74 1972/74 
10 km or less 0,5 0,2 0,4 -
10 - 20 km 5,4 1, 7 3,2 
20 - 30 km 4,9 3,9 4,0 
30 - 50 km 31,3 14,4 23,5 
50 - 100 km 40,5 68,2 56,5 
100 km or more 17,5 11, 7 12,4 
Survey 1. ( August !972 - March I973 ) 
·During Survey 1 maasbanker larvae were found in the plankton 
from October to March but 88 percent of the total number were 
colle9ted between January and March. Larval distribution, 
abundance and surface isotherms for the monthly cruises are 
illustrated in Figure 6. A summary of the monthly hauls and 
larval abundance is given in Table IV and the length frequencies 
of larvae during each month in Figure 7. 
Larvae were first taken off Cape Cross during October, the 
catch consisting of mixed size groups ( 5 - 14 mm ) probably 
resulting from isolated spawning during mid or late September. 
I 
Maximum concentrations occurred about 30 km west of Cape Cross. 
Fewer larvae were found in the plankton in November. Scattered 
patches of smaller larvae ( 3 - 10 mm ) were found off the coast 
between Mowe Point and Conception Bay. 
In December, the number of larvae increased and were particularly 
dense at offshore stations west and south-west of Cape Cross. 
The larvae measured between 5 and I5 mm but early larval stages 
( 6 - 8 mm ) were more abundant. The smaller stages probably 













A summary of the monthly hauls and abundance of 
maasbanker larvae 1 I972 - 1973 
Nooof hauls No.of No. of larvae I Mean no. Percentage 
taken positive collected of larvae of total 
stations per IO m2 collected 
--
126 0 0 0 0 
126 0 0 0 0 
156 8 23 9,0 2,9 
180 I 7 18 6,2 2,2 180 14 56 12p8 7,0 
180 47 506 30,5 63,1 
177 30 140 9,4 17,5 
177 32 59 7,5 7,4 
i 
• 
Dense concentrations of maasbanker larvae were found north of 
Palgrave Point during January accounting for over 60 percent 
of the total number collected during the eight month survey. 
The larvae were most abundant between Cape Frio and Mowe Point, 
especially at stations 18-08 and 30-12. Seventy five percent 
consis~ed of yolk-sac and ear~y larval stages ranging from 
3 - 8 mm in length. The high percentage of smaller larvae 
and the wider distribu~ion compared with December, indicated 
heavy spawning in the north sometime between late December and 
early January. 
Larvae were less abundant and were found further inshore during · 
February. Greatest concentrations occurred 30-60 km from 
the coast between Cape Frio and Mowe Point. The majority of 
samples contained yolk-sac and early larval forms, probably 
derived from eggs spawned in late January or early February. 
A further decrease in larval abundance was evident in March, 
the regional distribution being limited mainly to offshore 
areas north of Palgrave Point. Additional isolated patches 
were found offshore at Cape Cross and to the south of Walvis 
Bay. Most of the specimens were small ( 3 - 8 mm ) resulting 
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Fig. 7 L en gt h c o m po s i t i on of maasbanker larvae collected 
during the monthly survey cruises, August 1972 
to March 1973 
16. 
Survey 2 ( August I973 to March/April !974 
Larvae were taken from November to March/April but 98 percent 
were collected during the months of January, February and March/ 
April. Peak abundance occurred in March/April, two months 
later than in !972/73. Larval distribution, abundance and 
surface temperature during the eight monthly cruises of Survey 
2 is shown in Figure 8 and summarized in Table Y.• The length 
composition of the larvae is illustrated in Figure 9. 
In November, isolated patches of larvae occurred in the north 
between Palgrave Point and Cape Cross. Most of the specimens 
were newly-hatched ( 3-8 mm ) and probably originated from 





scarce in the plankton during Deoember but 
were captured further north between Mowe Point 
Small specimens between 3 and 8 mm predominated 
and were presumably derived from eggs spawned in early December. 
During January, early stages were abundant and widely distributed 
in the offshore plankton between Cape Frio and Palgrave Point. 
The presence of large numbers of small larvae showed that 
spawning activity increased substantially between mid December 
and early January. Maximum catches were made at stations I4 
on line 26, 112 km from the shore. Further south a small 
patch of larvae was located west of Cape Cross at a distance 
of IOO km from shore. 
Maasbanker larvae were very common during February with maximum 
catches being made offshore between P.algrave Point and Cape 
Cross, 150-200 km further south than in January. Larvae were 
particularly dense about 80-100 km from the coast at stations 
IO on line 38 and 42 and station 12 on line 50. Approximately 
75 percent of the specimens collected measured from 3 - 6 mm 
and probably resulted from heavy spawning in late January and 
early February. 
Larvae were taken in greatest abundance during the March/April 
cruise. Distribution was more widespread to the south and 
inshore compared with other months. Maximum catches were 
made at station 6 on line 30, station 8 on line 34 and station 
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I9. 
Considerable quantities were also captured at offshor.e stations 
west of Cape Cross.· The majority of specimens comprised post 
yolk-sac and early larval stages, which must have resulted 
·from intense spawning activity during late. March. 
T-----·----·--"'· -
! 
TABLE Y. : A summary of the monthly hauls and abundance 
of maasbanker larvae, !973 - 1974 
r-
1 N o.of hauls No.of 
positive 
No.of larvae Mean no. ~erce 



































0 0 0 
0 0 0 
0 0 0 
31 5,2 1,2 
28 4,7 1,0 
287 16,5 11,1 
997 42,8 38,7 
1231 37, 1 47,8 
-----·-- -- -· 
Maasbanker larvae showed no consistant difference in abundance 
between day and night collections taken on the regular survey 
cruises. The pattern applied to all larvae irrespective of 
size ( Table~). 









composition of maasbanker larvae : ·; 
Length g::i= Night Hauls Day Hauls r 
(mm) . No.of-larvae I Percent-a-ge--N-o-.-o-f-larv~;--Percent~ N/D-.:.1· 



















55,3 n,2:1 l 
51,3 r,1:1 f 
: I 
36, 7" n, 7: 1 I 
12, 1 1: 2, 5 I 
1 
I I .---~·_l_s_i_z_:_s ______ : 6 56. __ _,,___ ___ 4_6 __ , 4··-----~9._16 ____ ~_3_,_6 ___ 11_,_~: ~--J 
20. 
The percentage of larvae of various length classes plotted over 
two hourly intervals also showed no consistent diurnal rhythm 
(Fig.IO). 
It is noteworthy that Ahlstrom (I959) ·and Farris (I961) have 
similarily demonstrated that larvae of the jackmackerel ,!. 
s~mmetricus exhibited no diurnal variation in catch frequency, 
A possible explanation is that larvae avoided the net equally 
well during the day and night, or as Farris (I961) suggested 
" the larvae do not dodge the net despite their apparent 
ability to do so". Alternatively, larvae may remain close to 
the surface feeding during the daytime instead of descending 
to deeper layers which is often the case with other species of 
larval fish. The diurnal vertical distribution of maasban.ker 
larvae was not studied, but Farris (I961) reported only a 
slight tendency for jack-mackerel larvae to migrate towards 
the surface during the day. 
Several authors report the clustering of larval and juvenile 
Trachurus under jellyfish ( Ehrenbaum I909 ) and floating 
debris and seaweed ( Delsman I926, Ida 1972 ). This habit 
is apparently common to the Carangidae. 
In South West African waters, Kompowski and Slosarczyk {I976) 
reported maasbanker fry sheltering under the mantles of 
jellyfish. During this study, maasbanker larvae were 
frequently found in regions where jellyfish were abundant. 
The close relationship between larvae and drifting objects 
could be responsible in some ways for the apparent absence 
of diurnal variation in catch-rates. Larvae may associate 
the collecting gear with a drifting object and consequently 
exhibit no escape response. 
Relationship between Larval Occurrence and Temperature 
Maasbanker larvae were found in waters where surface temp-
eratures ranged from 13,8° to 21,5°c. However~ over 81 
percent of larval occurrences were at surface temperatures 
of between 17,1°c and 21,0°c. Only I5 percent of the 
-number of hauls containing larvae were found at temperatures 
of less than r7,1°c and 4 percent at temperatures greater 
than 21,0°c. The abundance of maasbanker larvae in 
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Relationship between surface temperature and 
abundance of maasbanker larvae, 1972 - 1974 
---· 
Surface Number of standard hauls that collected:-
temperature /·~r:.10 11-ioo ·101-250 ! 250 +· Total 
( ° C) -------~vae l":vae larvae lar~.:_ __ ' larvae 
12,1 13,0 ; o I o 0 0 0 0 
13,1 - 14,0 4 0 0 0 0 4 
14,1 - 15,0 7 1 3 0 0 11 
15,1 - 16,0 9 2 2 0 0 13 
16, 1 17,0 10 I 4 1 0 0 15 
17, 1 - 18,0 20 8 1 1 3 0 42 
18, 1 - 19,0 25 12 35 5 2 79 
19, 1 20,0 20 11 26 4 0 61 
20' 1 - 21,0 14 12 17 0 0 45 
21 ,o - 22,0 
J 
5 1 0 11 
, ___________ , __ __. _L I 5 __ _J_ 
The standard oblique hauls only provided information on the 
relative abundance of larvae in the 0-50 m layer~ However, 
larvae could have occurred at a variety of temperatures within 
this stratum. The distribution of maasbanker larvae with 
depth was not determined during the routi.".le collections but 
the results of a later investigation ( O'Toole I977c ) 
indicated that maasbanker larvae were most abundant at a depth 
of 25 m near the thermocline. 
Ahlstrom (I959) working on a r~lated species of Trachurus (!. 
s.ymmetricus) reported that about 80 percent of the larvae 
occurred in the upper 50 m and that the centre of abundance 
fluctuated between 10 and 44 m. The larvae of T.japonicus 
were found in greatest abundance at depths of 20 m (Ida 1972). 
If temperature at 20 m is related to the occurrence of larvae 
collected during the regular monthly cruises, then larvae 
were found over a temperature range of 12,5°-21,0°0. Within 
this range 74 percent of the larvae were caught between 
temperatures of 15,1°c and 19,0°c ( Table YI1.:t_). Sixteen 
percent of the larvae were found at temperatures of less 
than 15°c and less than 9 percent at temperatures greater 
than 19°c. 
TABLE VIII - • • 
· ..... 
23. 
Relationship between temperature at 20 m 
and abundance of maasbanker larvae,1972-1974 
I 
Temperature j Number of standard hauls that collected:-
at 20 m ( 0 c) ! 1-5- l 6-10 111-100 .1101-250 i 250+ I To-tal 
,-----------------~".'.::_ larvae l~e I larvae lar_v_a_e-i----
I 2, 1 - 13,0 1 0 0 0 0 1 
13,1 - 14,0 11 1 0 0 0 12 
14,1 - 15,0 23 4 6 0 0 33 
15,1 - 16,0 27 10 12 2 0 51 
16, 1 - 17,0 32 6 20 3 0 61 
17,1 - 18,0 13 8 34 4 2 61 
18' 1 19,0 13 4 15 3 1 36 
19, 1 - 20,0 7 6 6 1 0 20 
20, 1 - 21,0 2 1 2 0 0 5 
~---------L--- --------
The Kruskal-Wallis test (Siegel I956) was applied to the raw 
data summarized in Tables VII and VIII to determine whether 
there was .significant differences between the abundance of 
larvae and the temperature classes at which they occurred. 
The analysis yielded H-values of greater than 20,50 for 
temperat:Are ranges at the surface and at 20 m, which 
indicated that significant differences occurred at the 1 
percent level. Although the test does not demonstrate the 
optimal temperature ranges it can be concluded from Tables 
VIf and VII'I' that maasbanker larvae are more likely to be - -
abundant at surface temperatures ranging from r1,1°-21,0°c 
and between 15,1° and I9,0°c at a depth of 20 m. 
Relationship between Larval Occurrence and Salinity 
Maasbanker larvae were found at surface salinities ranging 
from 35,00°/oo to 35,90°/oo, but approximately 70 percent 
were taken at salinities of between 35,20°/oo and 35,60°/oo. 
Only I8 percent of the hauls containing larvae were at 
surface salinities less than 35,20°/oo and 12 percent at 
salinities greater than 35,60°/oo. The greatest number 
of larvae taken in a single haul (427 per IO m2) was recorded 
at a surface salinity of 35,48°/oo. 
The abundance of maa.Sbanker larvae in relation to surface 
salinity is shown in Table IX. 
TABLE IX • • Relationship between surface salinity and 
abundance of maasbanker larvae, I972 - 1974 
··-i ---·-- -· i 
I Surface ~Joer.. of standi:rd hauls _!ha1'.__c_ollected•- ___J 
· ~ali:n·:_j ty 1-5 ) 6-10 11-100fio1-250 ~tal I 





35 ,oo - 35' 10 J 11 
35,11 - 35,20i 27 
! 




l 35,31 - 35,401 28 7 22 
35,41 - 35,50/ 19 9 19 







35, 61 - 35, 10 I 6 j. 2 8 
3 5 , 71 3 5 , 80 I 10 1 I 6 I 
! 3 5 , 8 1 - 3 5 , 90 ! 1 I 0 1 I 0 
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The Kruskal-Wallis test was also applied to larval abundance 
and salinity values in the same manner as the temperature 
relationship. H0 -values of 20,48 suggested that differences 
were significant at the 0,1 level. Direct observations from 
Table IX showed that the most favourable salinity range was 
between 35,20 and 35,60°/oo, the lower threshold being at 
approximately 35,00°/oo and the upper limit of tolerance at 
approximately 35,90°/oo. 
The Relationship between Larval Distribution and Hydrological 
Parameters 
Maasbanker larvae were found almost exclusively in the mixing 
areas between the cold Bengueki·~·. Current flowing north and the 
warm Angola current flowing south. The seasonal occurrence of 
larvae in the plankton could be closely related to the timing 
of the intrusions of warm saline water from the north and 
west. ,Larvae rarely occurred in upwelling regions south of 
Walvis Bay and were also scarce in the tongues of very warm, 
highly saline water which periodically intruded from the 
north west. 
25. 
The hydrology of the survey area from August !972 to March 
I973 and from August I973 to March/April 1974 has been 
described and illustrated by O'Toole (I977a). The monthly 
distribution of maasbanker larvae in relation to surface 
temperature is shown for Survey 1 and Survey 2 in Figures 
6 and 8 respectively. The relationship between larval 
distribution and surface salinity is not discussed since 
both these hydrological parameters are closely allied. 
The larvae were usually associated with the high salinities 
(35,3°/oo-35,6°/oo) which accompanied the seasonal influxes 
of warm.oceanic water. 
Survey 1 ( August I972 to March I973 ) 
Maasbanker larvae were uncommon in the plankton during the 
upwelling month of spring. Those collected during October 
and November were found in the mixing areas between relatively 
warm !6°-11°0 offshore water and cooler I4°C coastal upwelled 
water. 
In December, warmer I9°-21°c water moved inshore and occupied 
much of the northern area. Conditions were relatively stable 
north of Palgrave Point but mixing between cold and warm water 
was more evident further south. Larvae were found offshore 
between Cape Cross and Walvis Bay in the mixing zone of 
warmer I7°-19°c water and cooler I4° to 16° coastal water. 
In January, relatively cold coastal water had upwelled along 
the coast in the north distrupting the well-defined thermoclines 
of the previous month. Vertical temperature data off Cape 
Frio indicated the existence of a sharp front separating the 
warmer I86 -20°c oceanic water from the cooler I5°-r6°c inshore 
water. To the south, the boundary area weakened and the 
warm water was pushed closer to the surface and offshore. 
Maasbanker larvae were taken in maximum numbers during 
January and were widely distributed along this mixing zone, 
but were less abundant in the south where conditions were 
more stable. 
26. 
Warm water advanced further inshore in February moving the 
oceanic front closer to the coast. Although no vertical 
temperature data was taken during this month, surface features 
' 
suggested that the front was not as extensive r,uid somewhat 
i · I 
weaker ,than during Janual'y' Hydrblogical conditions in the 
$outh appeared to be relatively more stable than in the north. 
Larvae were again found in the mixed waters associated with 
the frontal system and occurred closer inshore, corresponding 
to the inshore movement of the I8°c surface isotherm. ~ 
Nevertheless, they were not as common or widespread in the 
plankton as during January. 
In Maroh, an increased uplift of cold water was apparent aJ.ong 
the coast between Mowe Point and Palgrave Point, resulting in 
the oceanic water being pushed further offshore. The oceanic 
front was, however, still evident offshore in the north where 
considerable vertical mixing took place. Maasbanker lar"ltae 
were found further west, than in February, corresponding to 
the seaward displacement of the rs0c surface isotherm. 
Vertical temperature profiles in areas where larvae occurred 
showed that mixing was marked in the upper layers at offshore 
stations. In contrast, conditions became progressivel7 more 
stable further south as the warm water moved offshore. 
Nevertheless, isolated patches of maasbanker larvae were 
found in the south, each time associated with localized 
intrusions of warm water. 
Survey 2. ( August I973 to March/April I974 ) 
The general pattern of hydrological events was similar to 
conditions noted during Survey 1, but considerable differences 
were observed in the timing and seasonal distribution of the 
warm water intrusions. These changes were reflected in the 
seasonal occurrence and distribution of maasbanker larvae 
during survey 2. Again, as in I972, larvae were virtually 
absent during the active upwelling months (August to October). 
Maasbanker larvae were first taken in the plankton in November 
between Palgrave Point and Cape Cross where vertical mixing 
occurred associated with an intrusion of I6°-17°c water. 
In December, warmer r8°-ig0c water pushed inshore in the north 
between Mowe Point and Cape Cross, forming a fairly sharp 
front between the cooler inshore water and the warmer offshore 
water. Larvae were found in the mixed waters between the 
17° and rg0c surface isotherm. 
Maasbanker larvae were more numerous and widespread during 
January. Incursions of warm I8°-20°c water were also more 
extensive over the whole area and pushed closer to the coast 
than in December. Vertical temperature profiles showed that 
from north to south the warm upper mixed layers became 
progressively shallower and eventually moved offshore, being 
replaced by colder, subsurface water. The distribution of 
larvae followed a similar pattern, becoming scarce towards 
the south, where mixing was not as evident and stratification 
more pronounced. 
In February, hydrological conditions were generally similar to 
those of January, except that the wedge of mixed oceanic water 
in the north occupied a greater depth offshore. Maasbanker 
larvae were correspondingly more plentiful and widely 
distributed in February though the centre of abundance had 
moved further south, being closely associated with the 
horizontal and vertical distribution of the I9°C isotherm. 
Maximum catches were made off Palgrave Point, where the warm 
intrusion was deepest. 
During late March/early April, warmer 20° to 21°c water moved 
inshore and southwards over a wide area north of Cape Cross. 
lVIaasbanker larvae were caught in greatest quantities during 
this month and were extremely widespread in the plankton 
north of Cape Cross. Compared with February, vertical 
temperature sections off Cape Frio and Palgrave Point showed 
that the warm mixed water extended further inshore, and to 
a depth of 30 m. Southwards, towards Cape Cross, the warm 
layers moved nearer to the surface and offshore. The 
distribution of larvae closely followed the offshore 
displacement of the warmer water and could be correlated with 
the horizontal and vertical distribution of the r8°c isotherm. 
28. 
Dispersal 
Certain dispersal patterns could be observed by comparing·the 
changes in horizontal distribution of small and large larvae 
between cruises and relating the apparent ~ovement to 
hydrological conditions. 
The months of January and February were selected for comp-
arison because the population of larvae could be more easily 
traced and the gross water movement within the spawning · 
grounds were generally typical of summer conditions. The 
distribution of two size categories of larvae ( those less 
than 5,0 mm and those greater than 15,0 mm ) are shown for 
January and February of both surveys in Figure 11. 
In January I973, newly-hatched maasbanker larvae were common 
in the offshore plankton between Cape Frio and Palgrave Point 
whereas i.n February the older specimens were found closer to 
the coast. The general drift of developing larvae inshore 
during this period was obviously associated with the extensive 
easterly influx of oceanic water in the north over these two 
months ( Fig.6 ). The dispersal of larvae between January 
and February 1974 also indicated a transportation inshore 
during the intervening period. This was probably associated 
with the advance of warm water that occurred between these 
months ( Fig.8 ). 
Age and Growth 
The developmental rate of maasbanker eggs and the growth of 
newly hatched larvae in relation to temperature has been 
established by King ~ al ( I977) from the Cape Peninsula. 
Eggs were found to hatch after periods ranging from 81 hrs 
when incubated at 12,5°c to 26 hrs at 21,7°c. Newly 
hatched larvae increased by about 0,6 mm per day when reared 
at temperatures of 17,0° to I9,o0 c and showed a linear growth 
rate to the time of yolk-sac absorption and eye pigmentation. 
Although incubation rates were not determined for maasbanker 
eggs collected on SWAPELS, the time required to complete 
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Since spawning of maasbanker off South West Africa takes place 
mainly at temperatures of between 17,0° and 19,0°c it can 
be deduced from King ~ al (I977) that eggs would require 
about 26-30 hrs ( 1-1! days ) from the blastocap stage to 
hatching and that larvae of between 3,50 and 4,0 mm in 
length would be about 5 days to 1 week old. 
The growth of larvae collected at sea can sometimes be 
estimated by analysis of successive length frequency diagrams 
but will depend on such factors as the time interval between 
sampling, mortality of larvae and dispersal patterns. 
In this study, it was difficult to follow a group of larvae 
satisfactorily between cruises since the majority of specimens 
collected were between 3 and 8 mm in length. However, 
hydrological findings and dispersal patterns suggested that 
some of the large larvae captured inshore between Cape Frio 
and Palgrave Point in February 1973 may have been derived 
from the newly-hatched population which were abundant off-
shore during the previous'month ( Fig. II ). If this was 
the case, a rough calculation of growth may be made provided 
that the newly hatched larvae taken on January I5-16 had 
increased by at least ro,o mm during the intervening period 
of 33 days between sampling the area. Such an increment 
does not seem unreasonable from growth rates of jack-mackerel 
!· symmetricus given by Farris (I961). The length 
frequency of all larvae collected between Cape Frio and 
Palgrave Point during January and those specimens larger 
than 15,0 mm taken in the same area in February is shown 
below:-
uary (all ~ 
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15,0 mm ) 
greater than 
-
length range (mm) percentage 
15,1 - 16,0 18,7 
16,1 - 17,0 22,9 
17' 1 - 18,0 41,3 
18,1 - 19,0 8,7 




Larvae of between 4 and 6 mm in length were the most common size 
group in January whereas specimens of I6 to I8 mm were the 
dominant length classes of the larger forms. This suggests 
that larvae increase by approximately 12,00 mm in a period 
of 33 days at an average rate of 0,36 mm per dayo If the 
above growth rate therefore is used with that of the 
newly hatched larvae ( King ~ ~ 1977 ) the age of maasbanker 
larvae of lengths 16 to 18 mm would be between 40 and 47 days 
old from the time of hatching. 
DISCUSSION 
In South West Africa, the Cape horse mackerel or maasbanker 
spawns mainly in the northern offshore waters between Cape 
Frio (18°2o•s) and Cape Cross (22°s). Heaviest spawning 
apparently takes place at distances of 50 - 100 km from the 
coast in the intermixing zone of warm oceanic and cool coastal 
water masses. The seasonality and abundance of newly-hatched 
larvae indicated that spawning was continuous from October to 
March/April. During spring, spawning was isolated and 
sporadic whereas in summer and early autumn it was intense and 
more widespread. The presence of large numbers of early 
larval stages at the northern and offshore limits of the grid 
suggested that the spawning area was insufficiently covered 
and could have extended a considerable distance outside the 
research area. Although SWAPELS was discontinued between 
April and July 1973 and after April !974, the decline in 
larval abundance towards the end of Survey 1 ( March I973) 
indicated that spawning was nearing completion towards mid-
autumn. In I974, however, newly-hatched larvae were very 
abundant, suggesting that the breeding season may have lasted 
longer - perhaps into late April or evenflAay. The 
conclusions interpreted from the seasonality of larvae are 
confirmed by Komarov (I964) who reported that the gonads of 
maasbanker caught off South West Africa were in a ripe 
condition between January and April. He also reported that 
spawning probably occurs outside this period as fish with 
active gonads were captured at other times of the year. 
32. 
The increase of temperatures during summer caused by inshore 
and southerly movements of the oceanic front was closely 
linked with the timing of the main spawning season. 
Furthermore, the seasonal occurrence and abundance of 
newly hatched larvae in the plankton suggested that the 
duration and extent of spawning was associated with the 
distribution and intensity of mixing between oceanic and 
coastal water. For example during the summer of I972/73, 
the main breeding season was relatively short. Peak 
spawning occurred between late December and early January 
and was synchronous with the development of marked vertical 
mixing along a well-defined boundary zone of warm and cold 
water ( Fig.6, O'Toole I977a ). These conditions were 
apparently brought about by renewed coastal upwelling 
which disrupted the warm well-stratified layers that 
occurred in the region during December. The progression 
of larval abundance during the following months indicated 
a decrease in spawning activity towards February and a 
corresponding shrinkage of the spawning area northwards. 
In March, the spawning area withdrew further away from the 
coast probably as a result of the offshore displacement of 
warm mixed watero 
The reverse appeared to be the .case in I973/74. The season 
was longer and more intensive lasting from December to 
March/April and reaching its peak towards the endo 
Spawning was less intense during January, possibly because of 
less mixing and the fact that the boundary zone between warm 
and cold water was less apparent ( Figo 8, O'Toole I977a ). 
However, as the season progressed, deep intrusions of warm 
mixed water pushed southwards and inshore increasing the 
size and extent of the spawning area. 
Generally, the seasonal distribution of maasbanker larvae 
during both years was .closely related to the horizontal and 
vertical distribution of r8°c water. Since the majority 
of larvae collected were between 3,5 and 8,o mm in length 
(1-2 weeks old) it is possible that the eggs and spawning 
adults were also concentrated close to the r8°c isotherm. 
33. 
Maasbanker larvae rarely occurrea in the cold low salinity 
water (12° - 15°c; 34,90°/oo - 35,10°/oo ) characteristic 
of the Benguela Current and were also scarce in areas of 
very warm highly saline water ( 21°-22°c ; 35,80°/oo - 35,90°/oo) 
which periodically intruded from the north-west. Regions 
of stability, where temperature gradients were well-developed 
i.e. near the coast during summer were also apparently 
unsuitable spawning areas. Larvae were most abundant 
where temperatures ranged from 16,o0 c to 19,0°0 within the 
upper 20 m layer and surface salinities were between 
35,20°/oo and 35,60°/oo. 
The horse mackerel is known to be a proportional spawner. 
Komarov (1964) suggested that the serial spawning nature of 
the maasbanker enabled the fish to reproduce whenever 
favourable conditions occurred. Macer (I974) also inferred 
that Trachurus trachurus can control the number of eggs 
released during the spawning season because if its flexibility 
of oocyte development and its ability to re-absorb gonads. 
He also postulated that more eggs might be released when 
environmental conditions were more suitable and vic.e versa. 
Thus, maasbanker may spawn over a longer period off South 
West Africa, if environmental factors continued to be 
favourable. Conversely, spawning may be restricted or 
reduced if conditions were unsuitable. The results of this 
study suggest that conditions during the I973/74 spawning 
season were more suitable than those of I972/73. In this 
instance, f~vourable conditions could be defined as a wider 
distribution of the convergent zone between the water masses 
associated with mixing in the upper layers. Unfavourable 
factors may be characterised by a more stable environment 
with less vertical mixing or a wider distribution of cold 
upwelled water. The dispersal of developing larvae from 
the sites of spawning would influence survival and be 
dependent on the circulation of water over the continental 
shelf and slope during summer/autumn. Gyral movements 
or coastal upwelling during the spawning season may 
transport the small planktonic larvae off shore over the 
continental slope into areas where high mortalities may 
result from excessively high temperatures and food scarcity. 
34. 
However, influxes of warm water inshore and southwards 
appear to be generally typical in the north during summer 
and seem to carry developing larvae towards the coast 
thus preventing them from being swept offshore away 
from the nursery areas. 
There is little information on migration of maasbanker 
off the South West African coast. Komarov (I964) reported 
that stable fish populations are found the whole year 
round in the region of Cape Frio and result from an 
uninterrupted approach of shoals of premature and mature 
individuals into the area. He also suggested that after 
spawning in the north, part of the Cape Frio stock migrate 
southwards to feed off the Orange River where large catches 
are frequently made by Soviet vessels. The results of 
this investigation and O'Toole (I976) suggest that 
developing larvae and juveniles remain mainly in the 
nursery area to the north of Cape Cross, although there 
was some evidence of transportation inshore. Wengrzyn 
(I976) showed that maasbanker increased in size southwards 
and found that the smaller fish pref erred to stay in the 
northern waters to feed. Nevertheless, young maasbanker 
are known to occur over a wide area off the coast. Large 
catches of small maasbanker have periodically been made 
by purse-seiners both in the northern grounds and in the 
vicinity of Walvis Bay ( F.H. Schulein, Sea Fisheries Branch, 
personal communication). Dense shoals of juveniles have 
often been observed by the author in the sheltered waters of 
Walvis Bay harbour. It is therefore probable that some 
juveniles migrate southwards presumably feeding in the 
productive upwelling areas of the Benguela Current and 
eventually returning to the north_ern waters as adults to 
spawn. The remainder may remain to feed and reach sexual 
maturity in the warmer mixed waters of the north,where, 
according to Komarov (I964) an abundance of food exists 




AHLSTROM, E.H. AND 
O.P. BALL. 
I959 Vertical distribution of pelagic 
fish eggs and larvae off 
California and Baja California. 
Fishery Bull. Fish. Wildl.Serv. 
U.S. 6..QJ(I6I) 107-146. 
1954 Description of eggs and larvae 
of jack mackerel(Trachurus 
sytnmetricus) and distribution 
and abundance of larvae in·I950 
and I951. 
U.£. Fish Wildl. ~., Fish. 
Bull. (97), 56 : 209~245 - -





pelagic fishery (IGSEAF divisions 
1.1, 1.2, 1.3L 
Internal Report, Sea Fisheries 
Branch, 20 pp. 
1957 The South African pilchard 
(Sardinops ocellata) and 
maasbanker (Trachurus trachUIJ!§). 
Young fish survey. Investl Rep. 
Div. Sea Fish. S.Af!:. 29 : 1-36. 
1926 Fish eggs and larvae from the 
Java Sea (I) Treubia 8 : 199-239. 
1909 Eier und Larven von Fischen. 
1974 
Tiel. Nord. Plankt. Lief. 
i : . 1-216. 
Catches .and Landings. Year book 
of fishery statistics, I973, ~ 
Food and.Agricultural 
Organization of~ United 
Nations, Rome. 
FARRIS, D.A. 1961 
GELDENHUYS, N.D. 1973 
HAIGH, E.H. 1972 
IDA, H. 1972 
KILIACHENKOVA, V.A. 1970 
KING, D.P.F, M.J. 







Abundance and distribution of 
eggs and larvae and survival of 
larvae of jack mackerel 
(Trachurus symmetricus) 
Fisherl Bull.~oWildl.Serv.U.~ • 
.§_]_, (187) 247-278. 
Growth of the South African 
maasbanker Trachurus trachurus L. 
and age composition of the catches 
I950-1971. 
Investl Rep.Sea Fish.~.S.!f!:. 
IOI : 24 pp. 
Development of Trachurus 
trachurus ( Carangidae ).the 
South African maasbanker. 
Ann. S.Afr. Mus. 59 (8) 139-150. - -- - = 
Some ecological aspects of larval 
fishes in waters off Central 
Japan. 
~· Jap .§..2.£. scient. Fish., ~' 
(9) : 981-994. 
Development and distribution of 
eggs and larvae of Trachurus 
trachurus L. 
~o P-~ Renu. Consi perm.int. 
Explore Mar. I59 : 194-198. -
Early development of the South 
African maasbanker Trachurus 
trachurus at controlled 
temperatures. ~· Bull.~.Afr. 
(9). 
Some data on the reproduction of 
the horse mackerel Trachurus 
trachurus L. from the South West 
African coast. Translated from 
the Russian. 
Trudy AtlantNIRO, 1·.29:. ; 87-99. 
37. 
KOMPOWSKl, A. AND W. 
SLOSARCZ¥K 1976 Some investigations on the horse 
mackerel (Trachurus trachurus L.) 
in the ICSEAF area in r973. 




0 1 TOOLE, M.J. 
0' TOOLE, M.J. 
0 1 TOOLE, M.J. 





T~e reproductive biology of the 
horse mackerel Trachurus trachurus L. 
in the North Sea and English Channel • 
. l9fil:· fuh· ~· .~ ~ : ( 3) ' 
Competition and feeding studies. 
Cape Cross Report, Phase J , ~ 
Fisheries Branch, Cape Town, 12 PP• 
Incidental collections of small and 
juvenile fishes from egg and larval 
surveys off South West Africa (1972-
1974) ~ Fish. Bull. s. Afr. 8 23-33· - - - - =-' -..,) 
I977a Distribution of temperature and 
salinity off South West Africa, 
1972-1974. PhD thesis, University .Q.f. 
- Cape Town , section l , 3I pp. 
I977b Investigations into the early life 
history of the South West African 
pilchard Sardinops ocellai!a Pappe. 
PhD thesis, University of C~e Town, 
section 2, 53pp. 
I977c A note on the relationship between 
in press the vertical distribution of 
1956 
maasbanker larvae (Trachurus trachurus 
Linnaeus) and environmental parameters 
off South West Africa. 
Fish. Bull. S. Afr. 9 
• 
Non parametric statistics for the 
behavioural sciences. 
Mc Graw-Hill, ~ ~' 312 pp. 
SMITH, J.L.B. 1970 
WENGRZ¥N, J. I976 
38. 
The sea fishes of Southern Africa. 
5th Ed. Central News Agency, Cape 
Town: 580 PP• 
The catches and characteristics of 
the Southwest African horse macker= 
el stocks in the exploitation phase. 
ICSEAF Coll. Sc. Pap • .J , 45-49. 
ASPECTS OF THE EARLY LIFE HISTORY 
OF THE HAKE, MERLUCCIUS CAPENSIS 
CASTELNAU OFF SOUTH WEST AFRICA. 
B y 
MICHAEL J.O'TOOLE, 






The hake, genus Merluccius,. occurs off the south. and west coasts 
of southern Af~ica at depths of 40 - 1000 metres (Smith I970). 
Commercially, it is the most important traNled species taken in 
these waters. 
Catches of hake off southern Africa have .increased tenfold in 
only ten years, from I06700 metric tons in I962 t·o over a million 
tons in I972 (Draganik 1974) ., Recent years have seen a rapid 
expansion in fishing effort for hake off South West Africa by 
the distant water fleets of several countries resulting in the 
landings from the ICSEAF divisions I,3 and I,4 ( !5°~ 22°s ) 
increasing from 86800 metric tons in 1965 to 568000 metric tons 
in I972 (Ikeda 1975)• The stocks are mainly exploited by vessels 
of the Soviet Union, Spain, Bulgaria, Cuba. and South Africa. 
Soviet vessels alone account for over 75 percent of the total 
hake catches from these waters (FAO I974). 
Two species of hake are recognised off the west coast of southern 
Africa, Merluccius capensis Castelnau and !• paradoxus Franca. 
The distinction between the two forms is based chiefly on 
differences in the number of vertebrae, otolith structure and 
gill raker pigmentation ( van Eck I969, Botha I97I ). B~th species 
•'"J 
also differ in depth distribution, M_. capensis tending to be 
found inshore, whereas ~· paradoxua prefer the deeper water 
offshore ( Kuderskij 1973, Botha 1973 ). Owing to the difficulty 
in visually distinguishing between.the two species, landings and 
catch statistics of hake are usually referred to simply as 
Merluccius .§.P• 
Chlapowski (I975) reported that the quantitative occurrence of the 
two groups of hake showed contrasting differences along the north-. 
south line. Catches off S.W.Africa were almost exclusively 
!• capensis but the catch frequency of !• paradox.us increased 
towards the southern Cape grounds where it eventually becomes 
the dominant species. Both species spawn on a modest scale 
(Jones and van Eck 1967 ), ~· paradox.us at greater depths than 
~· capensis ( Pschienichniy and Assorov 1969, Botha I973 ) 
Spawning generally takes place from September to December bqt may 
occur at other times between November and April (Pschienichniy I972), 
Hake exhibit marked diurnal vertical movement. Fishermen 
frequently report shoals close to the sea bed during the 
day while shoals rise and become.more loosely structured as 
darkness approaches. During the spawning season, hake are more 
pelagic in behaviour than at other times of the year and show 
little diurnal movement. (Botha 1973). A similar phenomenon was 
reported by Dark (1975) for the pacific hake, !• productus-
Spawning apparently takes place at intermediate depths during 
the pelagic phase (Botha .21?.•£.!1). 
Despite the commercial importance of the South African hake, 
there is little information on the distribution, seasonality 
or ecology of the planktopic eggs and larvae in these waters-
Previous work on the early life history of the hake has mainly 
been concerned with descriptions of the egg and larval stages. 
(Matthews and de Jager·l951; Haigh 1972). Hake.larvae were 
reported in the plankton off South West Africa by Hart and 
Marshall (1951). The only other reference is a general 
account on the occurrence of eggs and larvae between the 
Cunene River (17°s) and Agulhas bank (37°s) based on a two--
month investigation by Porebski and Koronkiewiuz (1975). 
Hake eggs and larvae were common in ichthyoplankton samples 
·taken during the S W A P E L S surveys 1972 to 1974, the 
-:;, .-1Y'r-
larvae ranking sev~.rfth' in order of species abundance. The 
I ./ 
research area shown in Figure 1 was investigated monthly 
between August 1972 and March 1973 and August 1973 and March/ 
April 1974. An account of the methods of collection, cruise 
dates, station positions and depth are given by O'Toole (1976~. 
1977b). A brief description of the egg is given and the 
seasonality, distribution and abundance of larvae are outlined. 
Hydrological relationships, disper~al and diurnal variation in 
catches of larvae are also discussed. 
R E S U L T S 
Identification of the Eggs and Larvae 
Hake eggs collected during this study were identified from 
descriptions given by Matthews and de Jager. (1951) aided by 
descriptive literature on the early life history of .hake species 
from other parts of the world. (d'Ancona 1933, Ahlstrom & Counts 
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4. 
The larvae were easily recognised from the illustration giv~n 
by Hart and Marshall (I951) and the more comprehensive 
description of !'!!,.capensis larvae by Haigh (I972). 
The eggs are spherical with a smooth ·unsculptured membrane, 
a narrow perivitelline space and a single oil globule. The 
diameter of the eggs ranged from o,85 to 1,06 mm (mean 0,94mm) 
and the oil globule from 0,15 to 0,26mm (mean 0,22mm). The 
size range of 200 eggs extracted from random samples is shown 
below. Approximately 80 percent of those measured were 
between 0,90 and 1,00 mm in diameter closely agreeing with the 
size range of eggs recorded by Matthews and de Jager (!951) and 
Porebski and Koronkiewicz (1975). 
Size Range (.mm ) 
Egg 0,81 - 0,90 0,91 ... 0,95 0,96 - 1,00 )'1 , 01 
Oil Globule 0, 15 - 0,21 o, 18 - 0,24 o, 17 - 0,24 0,20-0,26 
No. Examined 32 84 76 8 
Owing to the difficulty in separating the two adult hake species, 
even greater difficulty was expected in distinguishing between 
species at the egg and larval stages. During the routine 
cruises, eggs of both species may have been collected in the 
samples, but no attempt was made to separate them. Larval 
and juvenile hake were undistinguishable from those described 
as!· capensis by Haigh (1972). 
Porebski and Koronkiewicz (1975) reported that hake eggs taken 
in the plankton north of the Orange River were slightly smaller 
than those found further south and certain differences were 
also noted in larval pigmentation though these characters were 
not specified. In view of the latitudinal variation in egg 
size and the corresponding regional distribution of the two 
species ( Ch;.lapowski !975), it is probable that the eggs and 
larvae collected in this investigation were predominantly 
fil· capensis. 
5. 
Distribution of the Eggs. 
Hake eggs were identified in the samples but were not oounted. 
The results of this report are therefore based entirely on 
the distribution and abundance of the larval stages. However, 
the limited observations on egg distribution showed that the 
southern part of the research area was the main centre of 
spawning. Eggs were found from October to December during 
Survey 1 and from September to January on Survey 2, noticeably 
more eggs being taken in the Walvis Bay area, particularly 
during November and December. Eggs ·and newly-hatched larvae 
frequently occurred in the same haul. 
The general findings substantiate the results of other workers. 
Chlapows~i{I914) found that the gonads of!· capensis in the 
Cunene division I,3 were immature during November but during 
the same month, over 60 percent of the fish in the Cape Cross 
division I,4 were maturing, spawning or spent. Porebski and 
Koronkiewicz (I975) also noted that greatest numbers of ·eggs and 
larvae occurred off Walvis Bay in November and December. 
Distribution and Seasonality of the Larvae 
Although hake larvae were found over the entire research area 
during both surveys, over 95 percent of the specimens were 
taken from waters south of Pa~grave Point (20°2o•s). 
Abundance declined sharply further north (4,7% in !972/73 and 
4,6% in 1973/74). The percentage of the total numbers 
collected in the different parts of the survey area is summarized 
·in Table 1. 
Table I • • The percentage of hake larvae taken in the different 
parts of the survey area (I972 - 1974) 
Area 
Cape Frio - Mowe Point 
Mowe Point - Palgrave Point 
Palgrave Point - Henties Bay 
Henties Bay - Sandwich Hb. 
Sandwich Hb. - Hollams Bird Is. 


















Larvae were captured over the entire inshore/offshore range 
of the sampling grid but were most numerous 20-100 km from -the coast (Table ll). The regional distribution to the 
north and west was adequately encompassed but larval 
distribution to the south was not delimited. The general 
distribution and the main centre of abundance was very 
similar for both surveys. (Figs. 2 and 3). _Highest densities 
were found about 40-60 km north-west of Walvis Bay. Hake 
larvae, nevertheless, were more plentiful during 1973/74 












The percentage occurrence of hake larvae in 
relation to the distance from shore (I972 - !974) 
shore I972/73 !973/74 
1, 2 3,2 
12,3 5,0 
22,3 . 9,0 
22,3 ' 9,9 
41, 5 72,2 
100 km or more 0,3 0,5 
Although sampling was conducted from August to March/April, 
larval stages were only taken between October and March. 
Ninety-two p_ercent of the total number captured on both sµ,rveys 
were taken in October, November and December. Over 60 percent 
were caught during the month of December alone. Specimens 
found between January and March/April accounted for only 7 
percent of ~l those collected. 
Survey I : ( Au.gust !972 - March I973 ) 
The monthly distribution,. abundance and length composition of 
hake larvae together with surface isotherms for each cruise 
is shown in Figures 4 and 5 respectively. A summary of the 
monthly hauls and abundance is given in Table III • -
Hake larvae first occurred in the plankton during October 
near Walvis Bay when ten specimens ranging from 6-I4 mm in 
length were captured. The time taken to ·complete larval 
development is unknown but is probably at least a month, 
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9. 
Counts !955). It is, therefore, probable that larvae taken 
during October resulted from eggs spawned sometime in September. 
More larvae were caught in November, mainly inshore south 
of Cape Cross. The centre of abundance was 20-30 km west 
of Walvis Bay but a few isolated specimens were found offshore 
north of Cape Cross. Most of the larvae (80%) consisted of 
yolk-sac and early stages, which hatched from eggs spawned 
between October and early November. 
Highest con·Jentrations were taken during the month of December, 
predominantly south of Cape Cross, 8-100 km from the coast. 
Hake larvaa were particularly common about 80-100 km north-west 
of Walvis Bay. Over 75 percent of the specimens captured 
in December were longer than I2,0 mm and probably originated 
from heavy spawning in Novembero It is also possible that 
some of theNovemberlarval population were represented in the 
catches. 
A sharp drop in abundance was noticeable in January. The 
distribution consisted of a few isolated specimens captured 
at scattered localities between Mowe Point and Walvis Bay. 
Larvae measured from 5-12 mm which suggested that some localized 
spawning took place in December. 
No larvae were taken in February. Only nine specimens were 
found in March, 20-50 km from the coast south of Walvis Bay. 
These larvae were 5-8 mm in length and were presumably derived 
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Fig. 5 Length composition of hake larvae collected during 
the survey cruises August 1972 to March 1973 
TABLE III • • 
I2. 
A summary of the monthly hauls and abundance of 


















Month I No.of No.of 
hauls positive 
hauls 
August I 123 0 I 
September I 126 0 
I 
October I 156 2 
November 180 21 ' 
December 180 20 
January 180 6 
No .of larvae Mean no. 
collected larvae per jof total 
!collected _J IO m 2 
. -~··~-... ···---- -----··r-----· I 
0 0 0 
0 0 0 
10 5,5 1, 5 
123 6,3 I 18,3 
' 










February 177 0 0 0 






-· j 1,3 __J_ 
SURVEY .2 • • ( August 1973 - March/April I974 ) 
The monthly distribution and abundance of hake larvae with 
temperature distribution is illustrated in Figure 6 and summarized 
in Table Di. The length frequencies are given for each month 
in Figure 7. Larvae were initially collected in the plankto~ 
in October at isolated localities between Mowe Point and 
Conception Bay mainly inshore south of Walvis Bay. The 
specimens caught were 4-15 mm in length but mostly less than 
8 mm. 
The distribution in November was similar to that of October but 
the numbers increased considerably. Largest catches were made 
in the south, about 30 to 60 km offshore between Walvis Bay and 
Conception Bay. Larvae were also common further south at 
inshore stations near Hellams Bird Island. The length 
composition showed that over.80 percent of those captured 
were composed of newly-hatched stages. An intensification 
of spawning must therefore have occurred between late October 
and early November. The remainder of the larvae were 
between I4 and 25 mm in length and probably represented the 








The December cruise produced the largest catch of hake larvae 
during the entire survey. Concentrations were found south-west 
of Palgrave Point and in the vicinity of Walvis Bay. The 
centre of greatest abundance was 40 - 64 km west of Walvis Bay 
at a similar location to that of the November cruise. Over 
90 percent of the specimens were newly-hatched.( 3 - 8 mm in 
length), indicating ~eavy spawning between late November and 
early December. 
By January, larvae had become scarce in the plankton. A few 
patches of isolated specimens with lengths ranging between 4 
and 20 mm were found offshore north-west of Walvis Bay. 
In February the numbers of larvae declined even further, A 
few newly-hatched specimens were found soutn-west of Cape Frio, 
west of Palgrave Point and south-west of Walvis Bay. 
Hake larvae were slightly more common during March/April and 
the regional distribution was similar to that of February. 
Many of the specimens· were newly-hatched which suggested 
that sporadic spawning still occurred at isolated localities 
in March. 
- and abundance TABLE Il, • A summary of the monthly hauls • 
of hake larvae during Survey 2 
!No.of 
I I No • of larvae j :Mean no • I Percentage Month :No.of 
I hauls collected I of of total I positive 
I stations I larvae collected 
~ I I per~ --~- --I 
Q I 0 l I August 126 0 0 
l September 135 0 0 0 0 
I October 180 13 75 5,6 9,2 
j November 180 17 247 14,2 21, 1 I 
I December 180 14 490 34,8 53,8 I 
I January I 180 5 26 5, 1 2,9 I I I l February I 169 
1 
4 20 5,1 2,2 
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Diurnal Variation in Catches 
A comparison of the total number of hake larvae taken at different 
times showed that hauls were equally productive during the day -and night ( Table J[). Nevertheless, differences existed when 
larval size was considered ( Fig 8). 
Newly-hatched larvae ( those less than '5 1 00 mm in length) were 
caught mainly during the day and early morning hours. Maximum 
.catches were made in hauls taken between I2h00 and I4h00. 
In contrast, the older larvae ( those greater than IO,O mm in· 
length ) were practically absent from daytime collections, but 
the percentage occurrences increased markedly after dusk and 
reached a peak between midnight and 02hOO. Towards early 
morning, numbers dropped sharply and fewCwere caught after 08hOO. 
Larvae of intermediate sizes (5-10 mm) were common in both day 
and night hauls but were about twice as abundant ,in collections 
made at night. 
TABLE y: Day and night catches of different size hake 
larvae 
l Size group!-~ Day hauls (58) Night hauls (64) D/N Ratio 
,_ 
~. !No.of larvae Percent No.of larv.ae Percent 
5,0 328 76,2 110 23,7 3 • 1 • 
5,1 - 10,0 55 35,4 100 64,6 1 0 2 . 
10, 1 - 15,0 7 7,6 87 92,3 1 • 12 • 
I5,0 19 17,7 84 82,2 1 • 5 • 
TOTAL 409 381 48,3 1 : 1 
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Fig. 8 Diurnal variation in the catch rate of hake larvae 
according to size categories I all cruises) 
18. 
The Relationship between Larval Abundance and Temperature 
The relationship between abundance of larvae and surface 
temperature is summarized in Table V!o Hake larvae were found 
in waters where the surface temperatures ranged between r2,6° 
and 20,4°c. Over 60 percent of all positive hauls were made 
at temperatures of I4,8° to I6,5°c. Approximately I5 percent 
were taken at surface temperatures greater than ra0 c and 20 
percent at. temperatures less than I5,o0 c. The temperature 
range is similar to the findings of Porebski and Koronkiewicz 
(I975) who reported that hake larvae collected between Cape 
Frio and the Orange River occurred at mean surface temperatures 
of between rs,2° and 15,9°c. 
Variations in the depth distribution of larvae were not studied; 
consequently, an exact temperature-catch relationship could not 
be determined, except in vertically isothermal conditions. The 
vertical distribution. of other species of larval hake has 
I 
previously been studied. Ahlstrom and Count (!955) and Ahlstrom 
(I959) found that larvae of the Pacific hake, Merluccius 
productus were most abundant near or within the thermociine. 





12,1 - 13,0 
!3,1 - 14,0 
Relationship between surface temperature and 
abundance of hake larvae I972-I974 
No. of standard hauls that collected: 
I-5 6-10 11-100 I 101-250 t 250 + Total 


















15,1 - 16,0 
16, 1-- 17 ,o 
17,1 - 18,0 





L.19, 1 - 20, o.. j 3 
5 7 0 0 ·19 
5 1 1 1 24 
3 3 0 0 13 
I 1 0 0 0 10 L ___ o ____ Lo_. _._o _ __J_._5 ___ ...... 
0 
Fahey (I974) also reported that the"·:·i~rvae of the silver hake, 
fil. bilinearis apparently concentrate near the-thermocline during 
summer months. 
I9 .. 
·The depth of the thermocline in regions where hake larvae were 
found during this investigation varied from I5 to 30 metres. 
If 20 metres is taken to represent the average depth of the . 
thermocline and larval abundance is related to temperature 
at this depth, then over 75 percent of the hauls containing 
larvae occurred at temperatures of I3°-15°c. Approximately 
I5 percent were found at temperatures greater than r5°c and 
5 percent at temperatures less than r3°c. The relationship 
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In order to test whether there was a significant relationship 
between larval abundance and temperature, the Kruskal-Wallis 
one way analysis of variance by rank ( Siegel I956 ) was applied 
to the original data summarized in Tables VI and VII. 
H0 values of 18,58 and 21,38 were obtained for temperature 
ranges at the surface and at 20 metres respectively which 
indicated significant differences at the 1 percent level. 
A possible indication that hake larvae were mainly at 
approximately 20 m could be inferred from H-values since there 





Occurrence of Larvae in Rel~~iop -to Salinity 
. . ., ~ . 
Larval occurrence is only related to surface salinity as no 
subsurface salinity measurements were taken during the routine 
surveys. Hake larvae occurred over a salinity range of 
34,89°/oo to 35,70°/oo. Approximately 85 percent were found 
at relatively low salinities ranging from 34~90°/oo to 35,15°/oo. 
The frequency of occurrence of more than 6 larvae per positive -hauls is related to surface salinity in Table VIII • 
TABLE VIII 0 • The relation between surface salinity and the 
frequency of occurrence of hake larvae at 
levels of abundance 6 
rS~J.ini ty 3·-4-,-8-1--3-4-, 9-0--i-34-, 9-1---3·-5-,;~5-, 01-3~-10~-3-5-, ,-,----3-5-, 2-0-1~>-3-5 ,-2-0-.-
l R I +~~:, 
j No~ of positive 
5 39 4 2 ' --r 
9,5 I 76,0 7,7 -:--1 - l 
..L.·-··------------.....--- ' ·--...._·----. ___ _J·~--
The Relationship between Larval Distribution and Hydrology 
An account of the $easonal hydrological. features off South West 
Africa during both surveys is given by O'Toole (I977a). The 
present discussion is confined to a general outline relating 
the seasonality and distribution of hake larvae to hydrological 
changes in the spawning grounds south of Cape Cross. 
The gross movements of water masses can be followed by examining 
the horizontal distribution of surface temperature outlined on 
the larval distribution charts ( Figs. 4 and 6 ). 
21. 
SURVEY 1 ( August I972 to March 1973 ) 
Hake larvae were not found in the plankton during the strong 
upwelling months of August and September. The vertical 
distribution of temperature along the Walvis Bay and Holla.ms 
Bird Island line showed conditions typical of late winter/early 
spring with cold water ( 11°-14°0) widespread and temperature:,;::,~:__,_:_:~-::; 
isothermal in the upper 50 metres. Larvae first occurred in small 
numbers off Walvis Bay in October following a slight increase in 
temperature associated with a movement of I4 - 15°c water closer 
to the coast. 
In November, upwelling slackened considerably and I6°c water 
advanced inshore. Weak thermoclines formed in the deeper layers 
but the upward slopes of the isotherms indicated that vertical. 
exchanges were still evident, especially at depths of 0-20 m. 
Hake larvae were more plentiful in the plankton during November 
when upwelling decreased and incursions of warmer water took 
place. Larval concentrations were mainly in the relatively 
cold I4°-15°c mixed water inshore off Walvis Bay. Peak 
abundance occurred in December when temperature increased due 
to substantial intrusions of warm water in the north. The 
more stratified warmer waters north of Walvis Bay, formed a 
well-defined boundary zone with the cooler coastal waters further 
south. Highest densities of larvae were found offshore north-
west of Walvis Bay in the region of mixing between I6° and r8°c 
water. 
The number of hake larvae declined sharply in January and 
remained relatively scarce during late summer and early autumn 
( February - March). Hydrological .conditions indicated that, 
during this period, high temperatures associated with increased 
stability prevailed in the spawning grounds. 
Survey 2 ( Auisust I973 to March/April I974 ) 
During I973, no hake larvae were caught during the months of 
August and September. Upwelling was strong over the whole 
area and conditions were almost identical to those found during 
the same months of I972. 
By October, however, upwelling had weakened considerably, 
resulting in a marked intrusion of warm I6°c water into the 
spawning grounds. 
22. 
Thermoclines were well developed, particularly inshore in the 
upper 25 m • Further offshore, mixing was taking place 
0 ' 
between the warmer I6 C water pushing eastwards, and the cooler 
I4°C water moving offshore. Hake larvae were common during 
October inshore south of Walvis Bay, predominantly between the 
!5° and I6°c surface isotherms. 
0 By November, I6 C water had advanced further inshore and south-
wards over the spawning grounds. Larvae increased in 
abundance but was found further offshore in the mixing zone 
between the warmer I6°c ocean water and the cooler I4°C 
subsurface water. 
In December 9 temperatures had increased north of Walvis Bay 
due to an influx of I7° and I8°c water. The intrusion formed 
a well-defined frontal zone_ with the colder upwelled water in 
the south. Hake larvae were taken in greatest quantities 
du.ring this month. Highest densities occurred west of Walvis 
Bay in the region of strong vertical mixing associated with 
the two water masses. 
Larval abundance declined sharply in January, coinciding with 
higher temperatures and marked thermal stratification in the 
upper IO metres. Hydrological conditions in February were 
similar to those of January 8.11.d larvae were noticeably scarce. 
Larvae reappeared during March/April, following a decrease in 
temperatures and an increase in mixing. 
-Dispersal 
The drift of newly hatched hake larvae would depend directly 
upon the prevailing oceanographic conditions and the movement 
of currents during the spawning season. An examination of 
Figures 4 and 6 showed that the peak spawning months of both 
years (November and December) generally coincided with a 
period when warm water pushed southwards and inshore over the 
spawning grounds against cold northward flowing Benguela water. 
The regional distribution of hake larvae during these months 
indicated little change, suggesting that developing larvae 
remained in the vicinity of Walvis Bay possibly being confined 
there by the interaction of the two water masses. 
\_ 
It was ~et po$sibJ.e to illustrate dispersal within the gross 
spawning area from the monthly differences in size class 
distribution because both large and small larvae were frequently 
taken together in individual samples. However, larvae 
captured in November !972 were mostly recently hatched and 
occurred close to the coast at Walvis Bay ( Figs. 4 and 5 ). 
In December, specimens taken in the samples were considerably 
larger and were concentrated more offshore north west of Walvis 
Bay. Thus a slight offshore ILvvement of larvae between these 
months is suggested. Al though a comparison of .surface 
temperature patterns showed an influx of relatively warm water 
between November and December, vertical temperature profiles 
off Walvis. Bay· ( 0' Toole I977a ) indicated a weak offshore 
displacement of subsurface water at depths of 20-30m which 
may have carried the developing larvae northwestwards. 
During the same period in I973, there was no evidence of larval 
dispersal within the main spawning area (Fig.6). 
Catches of larger larvae were occasionally made in the sout~ 
near Hollam's Bird Island,especially in November, suggesting 
that these advanced stages may have been carried northwards 
from spawning centres located s0uth of the research area. 
Rate Development of Eggs 
There is no information on the developmental rate of hake eggs 
at different temperatures off South West Africa. However, 
Matthews and de Jager (!951) successfully incubated artifically 
fertilized eggs of !· capensis off the Cape Peninsula and 
found that hatching.occurred 60 hrs after fertilization. 
Although egg development was not related to temperature in this 
report, an examination of statio.n records ( Annual Report, Sea 
Fisheries Branch, I949) and consultatipn with Mr.J.P. Matthews, 
Sea Fisheries Branch, confirmed that incubation took place at 
0 a temperature of IJ,7 C. The time taken for eggs of !.capensis 
to hatch at this temperature is almost identical to that of 
the pilchard ~· ocellata (King I975 ). Since various stages 
of pilchard and hake eggs were frequently collected together in 
samples during the SWAPELS cruises it is possible that rates 
of development are similar. 
24. 
Age of Larvae 
A basis for determining roughly the larval growth rate at 
sea and consequently estimating the age of a larva of a given 
size can sometimes be made by tracing the movement and 
progressive increase in size of specimens captured in a given 
area over a relatively short period of time. In the case 
of hake, it was possible only to trace a cohort of developing 
larvae between November and December !972 when a slight drift 
offshore was apparent. The length frequency curve for 
larvae collected at positive stations within the main spawning 
area i.e. lines 66, 70 and 74 (Fig. 1) for both months is 
shown in Figure 9. 
In November, one major cohort consisting of recently hatched · 
larvae between 3 mm and 6 mm in length ( mean 4,0 m) and 
a smaller group of larger specimens between 7 mm and IO mm 
in length ( mean 8,0 mm ) were identified. During the 
December cruise, catches. of larger larvae made in the same 
area, but more offshore, also showed two size frequency peaks, 
a large cohort of specimens between.14 mm and 18 mm in length 
( mean 16,0 mm ) and a less dominant group of 19-22 mm in 
length (mean 20,0 mm). If some of the recently hatched 
group of larvae collected near Walvis Bay in November (Fig 4) 
were represented by the more advanced specimens taken 
in December, as hydrological interpretations suggest, 




mean length of larvae in the two cohorts increased from 
4 mm to 16 mm and from 8 mm to 20 mm during the intervening 
per.iod, representing an increase of 12,0 mm in 26 days or 
a growth rate of about 0,45 mm per day. 
- .:-
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frequency curves for larvae collected off Walvis Bay in November 
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26. 
D I S C U S S I 0 N 
The area between Henties Bay (22°s) and Ho~lam's Bird Island 
(24°4o•s) is an important spawning ground of the hake. The 
seasonality and distribution of newly hatched larvae suggests 
that spawning occurred continuously from September to April. 
However, the majority of fish apparently spawned between 
October and December ( midspring - early summer)during the 
two years studied. Newly hatched larvae predominated off 
Walvis Bay at distances of 50 - 100 km from the coast. The 
northward and seaward limits of the spawning grounds were 
adequately encompassed but spawning may also have occurred 
further south since small larvae were sometimes abundant on 
the most southerly line of stations. These interpretations 
are supported by evidence on the distribution of sexually mature 
hake ( Chlapowski I975 ) and on egg occurrence and seasonality: 
(Porebski and Koronkiewicz I975). 
In January of both years, there was a sharp decline in hake 
larval abundance, indicating that the spawning season may be. 
relatively short and almost complete by that time of the year. 
However, the occasional occurrence of newly hatched larvae 
in the plankton during summer, especially in the north, 
indicates that some fish spawn later. 
Newly hatched hake larvae were more abundant in fuJ.l daylight 
and early morning collections, while larger specimens were 
mainly taken at night. Fahey (!974) reported similar findings 
for larvae of the silver hake fil· bilinearis. The most 
generally accepted explanation for the high incidence of large 
larvae in night hauls is that the more-advanced stages can 
avoid slow-moving collecting gear more effectively during 
daytime in response to visual warning. Diurnal vertical 
migration, although not studied during this investigation, 
may have been the source of the disparity between day and 
night catches. However, Ahlstrom {I959) reported that Pacific 
hake larvae fil. ~roductus had a similar depth range in both 
day and night hauls and Fahey (I974) noted that the larger 
silver hake larvae displayed only limited diurnal vertical 
migration in the upper 33 m of water. It is, therefore, 
probable that differences are mainly due to avoidance. 
27. 
The fact that newly hatched larvae were consistently more 
abundant during daylight could be due to behavioural 
responses to food and light. 
Monthly fluctuations in the abundance of small larvae 
suggested that the intensity and timing of hake spawning 
differed between years. For example, the main spawning 
season commenced a month earlier during Suxvey 2 than during 
Survey 1. Hake larvae first appeared in the plankton 
during October when upwelling was usually weakening and 
temperatures higher. In October !972, however, the water 
temperature in the spawning grounds remained relatively low 
due to persistent coastal upwelling. N~wly hatched larvae 
were noticeably scarce during this month suggesting little 
spawning activity. In contrast, upwelling was much reduced 
in October I973 which resulted in higher temperatures and 
the establishment of thermoclines in the shallow layers near 
the coast ( O'Toole !977 a ). Early larval stages were 
correspondingly more abundant, which suggested that heavy 
spawning was induced ?arlier, possibly by favourable biotic 
or abiotic conditions being reached more rapidly. During 
November and December, catches of hake larvae reached a 
peak at a time when intrusions of warm water pushed south-
wards and inshore in the vicinity of Walvis Bay. The 
sharp boundary zone between these intrusions and the cooler 
coastal water off Walvis Bay appeared to be the focus of 
heavy spawning. The ~nd of the main breeding season was 
marked by increasingly high temperatures and the formation 
of strong temperature gradients inshore. However, some 
isolated spawning continued to take place during late 
summer/early autumn where the environment was temporarily 
suitable e.g. south of Walvis Bay March/April 1974 (Fig.6) 
following a drop in temperature associated with an 
intensification of mixing. 
Continuous spawning from October to December made it 
difficult to trace the dispers_olJ of developing hake larvae. 
Hydrological evidence suggested that there was little or 
no transportation northwards and only a slight movement 
offshore. The months of heaviest spawning generally 
coincided with the period when the north-flowing Benguela 





southwards and towards . the coast took place. '.rhe 
interaction of these two water masses off Walvis Bay 
appeared to contain developing larvae within the main 
spawning area, thereby allowing them to remain in the 
productive coastal environment. 
The time taken for larvae to complete development will 
depend directly upon temperature and food availability. 
Larval stages of .M· capensis develop juvenile features 
and possess a full complement of fin rays at lengths of 
about 25 mm. A rough estimate of the pelagic phase of 
development would be 1i to 2 months. Juveniles then 
presumably descend to deeper layers and adopt a demersal 
habitat. Although juvenile hake measuring between 25 and 
35 mm were collected at night on several occasions (O'Toole 
!976), the location of capture (South of Walvis Bay) also 
indicated that there was little movement of juveniles 
outside the general breeding area. 
There was no evidence from·this study of a horizontal 
spawning migration of hake off South West Africa. The facts 
that on SWAPELS international vessels exploiting hake were 
observed in the traditional fishing grounds ( i.e. Cunene 
River to Pal.grave Point and Wal.vis Bay to Conception Bay) 
during most of the year and that no mention of fleet movement 
has been made by ICSEAF ( I975, 1976) lend support to this 
argument. Furthermore, the sudden appearance of larvae in 
the vicinity of Walvis Bay during October and November and 
the fact that distributional. patterns of recently hatched 
larvae suggest no noticeable seasonal movement of spawning 
fish imply that hake simply spawn wherever the are concentrated 
provided environmental conditions are suitable. 
The hake stocks fished in the northern waters of South West 
Africa appear to be a separate population. According to 
Draganik (I976), the total hake landings from ICSEAF Division 
1,3 (15°-20°S) are practically equal to those of the southern 
stock, ICSEAF Division I,"4 (20°-25°s). However, little 
evidence of spawning activity was fourid in the north. 
During summer/early autumn; the northern offshore waters are 
important spawning areas for other fish species (O'Toole 
I977b, I977c, I977d) and seem to be particularly favourable 
as a nursery area for the larval stages. 
"· , .. 
29. 
The presence of some recently hatched hake larvae in this 
region during summer/autumn, although sma-;1.1 in relation to 
those derived from the earlier spawning in.the south, does 
indicate that the northern stock may be predominantly summer/ 
autumn spawners. An explanation of this lack of spawning 
activity in the north may be either that hake breed outside 
tho limits of the survey area or that many of the eggs and 
larvae occur at depths below 50 m and are consequently out 
of reach of the sampling gear. Another possibility is that 
the northern population may spawn mainly between March/April 
and August ( mid autumn to winter) a period not surveyed 
during this investigation. · 
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THE DEVELOPMENT AND DISTRIBUTIONAL 
ECOLOGY OF THE LARVAE OF THE WEST 
COAST SOLE AUSTROGLOSSUS MICROLEPIS 








INTRODUCTION,, - I -
Austroglossus microleEis ( Bleeker), commonly known as the West 
Coast soleiconstitutes a small but important demersal fishery on 
the Atlantic coast of Southern Africa.· The commercial fishery 
for this s:pecies is particularly well-developed in South West 
Africa where landings have fluctuated between 150 metric tons 
in !960 and !895 tons in 1973 ( Statistics collected by the s.w. 
A. Administration and the Sea Fisheries Branch). 
The West Coast sole is strictly an Atlantic form and can readily 
be distinguished from other species found in the area by its 
general body shape, relatively large size, and differences in 
fin ray counts ( Smith 1970). Despite the existence of a 
commercial fishery, nothing is known about the spawning or 
early life l~istory of the species. The larval stages have 
not been described or identified. 
In August 1972., the Sea Fisheries Branch commenced an extensive 
egg and larval research programme ( S W A P E L S ) off South 
West Africa ·to study the spawning of the pilchard Sardin9ps 
ocellata Pappe and the anchovy ~ngrauJ.is capensis Gilchrist. 
Data collection cruises were undertaken from August 1972 t9 
March I973 and from August 1973 to April 1974. During the 
course of the investigation, larvae of !•microlepis were 
identified and found to be relatively common in the inshore 
plankton. Results of the first survey showed that larvae 
of the family ~oleidae formed 3 percent of all fish larvae 
collected ( o• Toole I973). Larvae of the Viest Coast sole 
themselves comprised approximately 42 percent of the sole 
larvae and ranked sixth in order of species abundance. 
During the sncond survey, A. microlepis constituted approxim--ately one pe::•cent of all fish larvae captW'."ed and was the 
seventh most abundant species in the plankton. 
This report describes and illustrat.es the larval development 
from yolk-sac stage to the juvenile. Information is also 
given on such aspects as larval seasonality, distribution, 
abundance, hydrological relationships and dispersal • 
. . ;. . 
I 
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MATERIAL AND METHODS 
The res ear-ch area, together with the location <:£routine 
stationsv is shown on Figure 1. Ichthyoplankton collections 
were made in the 0-50 m layer using a 57 cm diameter Bongo 
net, with meshes of 0,940 and 0,500 mm. :Further details of 
the methods$ sampling procedure and net performance 
by King and Robertson ( I973) and O'Toole (I977). 




number of larvae captured by the nets at each station was 
standard:..zed to the total number under IOm2 of sea surface 
( see KramE:r et al !972; Ahlstrom (Y~;) 1973 ) • Larval 
- --- . ~~.:.,, .... _J...-,~~_,,,_.·1'· 
distribution pharts were drawn assuming linear larval density 
gradients between stations in space and time. Abundance is 
expressed as the number per IO m2 of sea surface. 
The larvae of !· microlepis were first identified by 
diagnosing the adult characteristics in some juvenile 
specimens. A deveiopmental series was then built-up by. 
tracing these distinguishing meristic data and pigmentation 
patterns back to the yolk-sac stage. In advanced specimens, 
meristic counts were determined by clearing and staining 
using the trypsin alizar:Ln tcchri:i.que of Taylor ( 1~67); .Although 
eggs of the West Coast sole were .possibly present in the 
collections, they were not identified and thus are not mentioned 
in this report. 
Larvae were examined through a binocular microscope and 
measured to the nearest hundredth of a millimetre with an 
ocular micrometer. The length of large specimens were taken 
against a finely graduated glass slide. All observations-
were made from the ~r:l1itlt)-side. The lengths of yolk-sac and 
early larval stages were measured from the anterior border 
of the head to the tip of the notochord and after caudal fin 
ray formation, from the tip of the snout to the base of the 
median caudal rays ( Standard length, SL). Head length was 
measured from the tip of the snout to the cleithrum and body 
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-Since the larvae e.xamine.d during this ~tudy were preserved in 
10% butf~red ~orinalin, the lengths of the specimens, especially 
the early stages, were probably less than those of live fresh 
material. The yolk-sac larva of the sole Heteromycteris 
capensis K&'llp. was found to shr.ink as much as 20% when fixed 
in preservative ( c. Brownell, University of Cape Town, 
personal communication). The shrinkage of larvae was not 
taken into account when describing the development or establish-
ing the length distribution, but, since the larvae were 
preserved and measured in the same way throughout the investig-
ation, the length distribution was assumed to be comparable 
from year to year• 
RESULTS 
_____ _._ 
Larval development of the West Coast sole. 
A total of 541 . specimens ranging in size from 2,85 to 28,00 mm 
SL were collected during the ichthyoplankton surveys. A series 
of larvae considered to be representative of most developmental 
stages were selected from the samples for description and are 
illustrated in Figures 2 and 3. Morphometric measurements 
and meristic counts were made on !55 specimens in I6 length 
classes. The results are given in Table I. 
Yolk-sac Larva. 
The smallest larva had a notoc:-iord length of 2 ,85 mm. The 
eyes were fully pigmented a.."ld the mouth was functional {Fig.2A). 
Pectoral. buds were well-developed and the dorsal, ventral and 
caudal region of the body was surrounded by a large fin fold. 
The gut was fully formed and typically S-shaped. 
Pigmentation consisted of a series of 8-10 widely~·spaced 
melanophores situated along the dorsal and ventral surface 
of the body at the base of the fin fold. A fe'V-1 prominent 
melanophores were present on the fin fold itself. Small 
contracted pigment spots were scattered on the yolk-sac, 






Yolk - sac larva ( 2 ,85 mm} 
·-----------·~ 
.. --rt···-· .. :~:/·\·. 
~. __ ,, . 
. ···--:· ...... ,: : 
·. ,. / / /. ~.~ 
Larva undergoing flexion ( 5,50mm) 
°'"· . -, ... ~ .. -·· 
Post flex ion larva ( 6,60mm) 
Larval development of the West Coast sole 





Myomeres were not very distinct but at least 45 coulo be 
counted. The length of the larva on hatching is unknown. 
The smallest larva collected had little yolk and was relatively 
well developed suggesting that the yolk-sac phase was nearing 
completion. In some specimens, several small oil globules 
were discernible in the abdominal sac, approximately midway 
alone the ventral surface. 
Larva. 
The larval stage of development in teleosts is often defined 
as that period between the absorptioH of the yolk-sac and the 
acquisition of the full comple.ment of adult fin rays. In the 
W·est Coast sole, this phase occurs between lengths of approx-
imately 3 and 8 mm. 
During larval development, pigmentation is basically similar 
to that of the yolk-sac stage.. However, the dorsal and ventral 
melanophores,along the body margin increase . in number and 
become somewhat embedded. The large melanophores on the fin 
fold disappear at a length of approximately 3 mm and the region 
becomes speckled with small pigment spots. Pigmentation 
increases gradually on the head and gut. Tail flexion 
commences in larvae of between 5,20 and 5,50 mm length. A 
larva unriergoing flexion is illustrated in Figure 2 B. 
During this process, the pterygiophores are formed and the 
dorsal, anal and caudal fin rays commence development. The· 
urostyle is fully flexed at a length of 6,60 mm and the caudal 
fin rays are almost complete ( Fig. 2C ). The nares are 
visible as a single small tubercle on the snout anterior to the 
eye. The full coiaple.ment of dorsal c.!l.d anal fin rays is 
attained at a length of 7,50 mm and the fins themselves are 
lightly specklecl with small pigment spots. I<iyomeres number 
betweei·l 56 and 58. 
Metamorphosis 
.Metamorphosis commences at lenc;ths of between 8, 25 and 8, 50 mm 
when the anterior part of the dorsal fin separates from the 
head to form the characteristic rostral hook. 
Fig. 3 
Larva 




( 9 ,60 mm) 
... 'I'" 
undergoing 
· ... ·: ·. 
·· .... 
'I 
metamorphosis ( 15,50mm) 
Juvenile after metamorphosis ( 23 ,40 mm 






TA.'3LE t; Morphometric measur~ments and meristic counts tor lat"vae of the dest Coast Solei· 
!• m~CJ:'~leHi~. 
Specimeri length (tntil) ~- percentAAe of speciinen length !in counts (range) 
Range Ivlean No.of H_ead length Bo~y de12th -~Ye diameter Pre anal Dorsal Caudal Anal - Dirvae leng~ -
2·,85-2,98 2,90 t to ,, 28.97 29.66 ' 9,.31 ' 53,45 
I - I - f I t • I I I 3' 10-3 ,85 3,60 I 10 I 23,6• 24, 17 I 7,50 1 43,89 I I I I f I • 
4,00-4,87 
I 20 I 20,80 27,21 I 6,64 I 39, 16 I f.4,52 I I: I I I ' t ' • 5,32-5,76 5,50 I 16 t. 27,27 33,82 5.45 41,45 t I I I i I I 6,.45 f:: I 30,70 36,28 5,27 44,96 18-20 I I. . . 6 t 15-6, 79 I 14 t I I 10-12 ('12•1) I I t . 7,20~7,92 7,57 t 12 26,02 34,21 4,40 . 35,01 R6-89 )18:..;.-19 [69-74 (\ I t 
8,32-8,76 I 8 p 55 f ! 35,09 4;21 I I . ~I I 13 27,37 43,24 I 90 ... 92 ::1a-·19 t12-1J)\f I . I l 9,00-9~60 I 9,30 10 
I 30,00 34,95 4,19 40,32 • 92-95 18-19- I 72-73'-V 00 I I . I 
I I I · t 10,29-10i60 ~0,43 11 t 28, 19 38,73 4,.12 38,06 J 93,94 1a-19 :12-13 





12,32-12,87 112,56 6 I 26,43 33,1"2 3, 18 28,82 1, 93-95 19 t· 73-74 
I ' l 8 I 261.37 3,00 26,37 193-95 t -13p30-1J,85 p3,65 I 32,23 19 I 73-74 
I I I 74-75 14,21-14,97 ~4,45 7 I 25,76 32,18 3,lf 25,26-' r 93-95 19 
I f I I 
I t 
23,85 2.91 I • 15,00-15,60 rs,47 7 31,JS 25,53 I 94-95 19 1°74-75 
16,20-16,89 ho,60 t 8 23,49 29,82 
l 




18,~Q ~8,60 • f 25,81 27,42 2,55 30,65 I 95 : 18-19 :: 75 • ' 
I 
t: I • I I 2J,40 ~3.40 I , I 24,8J J0,11 2.82 26,92 • 94 I 19 I 74 
- 9 -
The left eye begins to migra+,e slowly to the right side. A 
larva at the early stage of metamorphosis is shown in Figure 
JA. 
Juvenile pigmentation appears in specimens of lengths IJ,00 -
13,50 mm. The row of dorsal and ventral melanoph.Qres along 
the body surface begins to intensify and expand. Pigment 
spots along the base of the dorsal and anal fins aggregate 
into discreet groups and stellate melanophores fo~m in broad 
patches along the body mid-line. Pigmentation on the head 
increases. 
The pectoral fin becomes -Jreduced and the pelvic fin appears 
as a small bud anterior to the stomach in specimens of IJ,20 mm 
in length. At lengths of I5,00-I5,50 mm the left eye has 
migrated over to the right side .. beneath the rostral hook(Fig.JB) • 
· Metamorphosis into the juvenile form is complete at a length 
of 24 mm ( Fig.JC ). Pigmentation on the body consists of 
five broad bands of large stellate ·melanophores running 
longtitudinally across the body from the dorsal to the anal 
fin rays. The pectoral fin~·, _\s\,ltJ~\\ deJe(:,1p.e~1... ·. and the general 
body shape is typically adult-like. . 
DISTRIBUTION AND ABUNDANCE OF LARVAE 
The geographic distribution and abundance of West Coast sole 
larvae for both survey periods are shown in Figures 4 and 5. 
Larvae were collected predominantly from inshore waters 
. .. ~ ' 
between Cape Cross and Holla.m's Bird Island no further than 
I6 km from the coast., The percentage occurrence in the _ 
different parts of the research area is summarized in Table l! • 
·The northern limit of occurrence was in the region of Palgrave 
Point with only a few specimens being. caught further than 30 km 
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-TABLE .ll: T~e percentage of larvae collected in t~e 
different parts of the research area 1972 to 
I974. 
Area Station I972/73 I973/74 !972/74 
l:ine 
Cape Frio - Mowe Point. 14-26 0 0 0 
Mowe Point - Pal.grave 
Point. 30-42 0 0 0 
Palgrave Point - Henties 
Bay. 46-58 8,45 38,80 16,75 
Henties Hay - Sandwich Hb. 62-74 25,00 42,87 39,22 
Sandwich Hb - Holla.m's 
Bird Island. 78-90 66,55 I8,33 44.,I.3 
Larvae of the West Coast sole,were collected mainly during 
spring ( September to November ). Approximately 95 percent 
and 73 percent of the total number captured during Survey 1 
and 2 were collected between September and November. 
SURVEY 1 ( August 1972 - March !973 ) 
The monthly distribution and abundance of West Coast sole 
larvae collected during Survey 1 are shown in Figure 6. The 
distribution of surface temperature is also shown and is 
discussed later. Data on the monthly hauls and larval 
abundance are summarized in Table ill and the size composition -
of the catches in Table ,!Yo 
Larvae first appeared in the plankton during September in 
the coastal waters between Cape Cross and Holla.m's Bird Island, 
the specimens being all recently hatched and ranging in size 
from 2,ss'. mm to 8,oo mm. Al though age could not be determined, 
it is very likely that these specimens were between 3 and I4 
days old and hatched from eggs spawned between late August 
and early September. Larvae were particularly abundant 























DECEMBER JANUARY FEBRUARY MARCH 
NUMBERS 
2 
PER lOM SEA SURFACE tll 11 - 50 Ii'.:] >50 ~ 1 -10 
Fig ._6 Monthly distribution and abundance of West Coast 
__ sole larvae, August 1972 to March 1973. 
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In October, West Coast sole larva9 wePe 1'e~e in. the 
collections and only occurred i~ the coastal region 
. . 
between Cape Cross and vValvis Bay.. These larvae were 
generally larger than those taken in September and ranged 
between 5,00 mm and 12,80 mm in length, su5gesting that some 
of the specimens may have represented the same -~ coho...-t' 
that had been sampled in September. \~-----,/ 
Larvae were more widespread and numerous in the plankton 
durinB November. The regional distribution was similar to 
that of September but peak ahundance occurred inshore nea~ 
Hollam's Bird Island. Approximately 85 percent of the 
sp.ecimens were recently hatched and measured between 2,85 
and 8,oo mm in length, thus, suggesting that renewed 
spawning took place in the coastal waters south of Walvis 
Bay in early November. 
Dec ember marked a sharp drop in the num')ers of larvae 
captured. Isolated specimens, consistine mainly of mixed 
size classes ( 4,00-12,00 tMfi), were found scattered between 
Sandwich Harbour and Hollam's Bird Island. 
In January, only four specimens were caught, all south of 
Walvis Bay, rangin,g between 4,00 and 12,00 mm in length. 






Summary of the monthly hauls and abundance of 
~iest Coast sole larvae 1972-1973. 
Cruise Dates No.of No•of No.of Niean no .of 1% of total I 
collected. I hauls posit- larvae larv~e per 
ive collec- IO m sea. 
hauls ted. surface. 
-












3, 1-4 ,o 
4,1-5,0 













15-20 126 17 195 18,59 54,5 
15-22 156 8 27 .. 6, I8 7,5 
11-19 180 14 122 I5," 30 
34, ·' 
5-14 180 6 14 . 5, 9"5 3,9 
13-21 180 0 0 2' 92 0 
14-24 177 0 0 0 0 
11-19 177 o· 0 0 0 
Size composition of West Coast sole larvae 
. collected during the !972/73 cruises. 
SEPT. OCT. • NOV. .DEC • ALL }40fiius.' 
Nos. c..' Nos. ~" Nos. ' Nos. % Nos. % comp I" ~i> comn comp comn comn 
-
43 22, 1 28 23,0 71 19,8 
68 34,9 25 20,5 93 25,9 
46 23,6 16 I 13, 1 1 7,1 6) 17,6 
19 9,7 3 11' 1 21 17,2 1 7, 1 44 12,3 
13 I 6,6, 6 22,2 14 1 j ; 5 2 14,2 35 9,8 
! 
4 2, 1 2 7,4 5 4' 1 11 3, 1 
' 
1 0,5 9 37,0 4 3 r3 4 28,6 18 5, 1 
3 1 1 , 1 3 j 2~5 3 21 ,4 9 2,5 
2 7,4 21 1 ~ 6 2 14,4 6 1,7 
1 7 t 1 1 0,3 
2 3,7 ·1 o,~ 3 o,8 I 
2 1,6 2 o,6 
0 





SURVEY 2 ( August !973 to March/April I974 ) 
West Coast sole larvae were less abundant in the plankton 
during Survey 2. However, the geographic distribution was 
similar to that of Survey 1. Larvae were found from August 
to January. 
Monthly distribution and abundance of larvae for the I973/74 
Survey cruises together with temperature distribution are 
illustrated in Figure 7. The relative abundance and the 
number caught per haul are summarized in Table Y. and the -length composition of the larvae by month in Table Il• 
Only two specimens measuring 4,50 nlln and _9,35 mm were 
oaptured during August. These isolated specimens were found 
at approximately 24 km west of Henties Bay and IO km west of 
Conception Bay respectively. In September, larvae were still 
relatively scarce with only small patches occurring inshore 
off Walvis Bay and Cape Cross. Specimens measured from 
4,35 mm to 14,75 mm and were probably derived predominantly 
from eggs spawned in late August/September. 
West Coast sole larvae were taken in greatest numbers during 
the October cruise and were distributed along the coast between 
Cape Cross and Conception Bay. The greatest concentration Of 
larvae was found about I6 km west of Hen-ties Bay, most 
specimens being early larval stages, suggesting an increase 
in spawning activity in early October. 
During November, December and January few larvae were 
encountered, Isolated individuals were collected inshore 
between Pal.grave Point and Hollam's Bird Island, the length 
range varying between 4,10 and 23,00 mm, the mean length 
showing a gradual increase from month to month. No larvae 
were taken in the plankton during February and March/April. 
TABLE VI: SIZE COMPOSITION or WEST COAST SOLE LARVAE IN 1973/74 
Length group August ·September October November December January All months .. .,.__ 
(mm) Number Per= Numbe Per;; Number Per= Numbe " Per= Num= Per= Numbe1 Per= Number Per= 
centag1 cent age c:entage l:entage ber cent age centage centage 
2,l - 3,0 25 23,6 25 13,8 
3,1 - 4,0 37 .34,9 37 20,6 
4,1 - 5,D 1 50,0 3 21,4 12 11,3 1 5,3 17 9,4 
5 ,1 - 6,0 2 14,3 14 13,2 1 5,3 1 5,6 18 10,D 
6,1 - 7,0 4 28,6 10 9,4 3 15,8 1 4,8 18 10,D 
7,1 - 8,0 1 7,2 4 3,7 6 31,6 2 9,5 13 7,2 
8,1 - 9,0 4 3,7 5 26,2 3 14 ,.3 l 5,6 13 7·, 2. 
9,l .:.10,0 1 50,0 2 10,6 6 28,6 2 11,l 11 6,1 """' 
10,l -11,0 1 5,3 4 19, o· 2 11,1 7 3,9 
11,l -12,0 2 14,3 2 9,5 3 16,7 7 3,9 
12,l -13,0 1 7,2 1 4,8 2 11,l 4 2,2 b 
13,1.-14,0 4 22,2 4 2,2 
14,1 -15,D 1 7,2 3 16,7 4 2,2 
17,1 -18,0 1 4,8 1 0,6 
i i 
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m 11-so . [il] > 50 
abunance. of . West Coast sole 
March/ April . 1974 
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TABLEV - Summary of the monthly hauls and abundance of West Coast sole larvae 1973/74 • 
. ----~----.--~-..----.... ,----...;...------------·· 
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THE SEASONAL OCCUHR1~NCE OF LAHVAE IN RELATION TO HYDROLOGICAL 
FEATURES., 
The seasonal hydrological features for both survey periods have 
been described by O'Toole (I977). For the purpose of this 
report, the general sequence of events can be readily 
distinguished from the monthly distribution of surface 
isotherms, shown on the larval distribution charts in Figures 
6 and 7. J-G is apparent that larvae of A. microlepis 
occurre'd mai.i..'lly in the zone of active upwelling between Cape 
Cross and Hcllam 0 s Bird Island and pai~ticularly when upwelling 
was most intense ( i ~ e. late winter a"l.d spring) • Hydrological 
conditions, :'luring the spawning season, showed that cold, low 
salinity water, was widesp:read along the coast. Temperature 
and salinity were eene:.~ally uniform with depth 9 indicating a 
well-mixed water layer.. Towar0.s suirune!', upwelling decreased 
gradually and warm saline water advanced inshore, leading 
to more stable conditions and a corresponding decrease in 
the number of larvaeo 
- 20 --. 
Larvae of the Nest Ooast sole were fc>urtd at surface 
temperatuf.es ranging from 11,4° to 19,a0 c. Nevertheless, 
approximately 74 percent of all hauls containing larvae 
occurred at temperatures between 12,1° and 16,o0 c. Of the 
remaining positive hauls, 23 percent were taken at temperatures 
greater than 16,o0 c and 3 percent at te!nperatures lower than 
12,0°c. The abundance of larvae in relation to surface -temperature is stunmarized in Table VII. -
Planktonic fish larvae generally inhahi t the upper 50 :netres 
of water ( Ahlstrom !959) but may become stratified at certain 
depth levels depending on biological and physical factors. 
The depth distribution of a.micr2leEis larvae was not 
inves-tieated during this study and consequently the larvae 
may have occurred at a variety of temperatures within the 
0-50 m layer. However, depth profiles showed that temper. 
ature was usually uniform to 50 metres, especially du~ing 
the upwelling months, when larvae were most abundant. It 
is therefore likely that the optimwn surface temperature 
range reflects to within one degree the thermal conditions 





13, 1-14 ,o 
14,1-15,0 
15' 1-16,0 
Relationship between surface temperature and 
number of hauls containing West Coast sole 
larvae, !972-1974 
Number of hauls 
-1-:. 10 I 11 - 50 1·.i;ore than Total 
larvae larvae 50 larvae 
1 2 ' 0 3 
6 5 0 11 
11 11 5 • 27 
I 9 5 2 16 I 9 4 2 15 




111,1-18,0 3 1 0 I 4 
18,1-19,0 1 3 0 4 
19, 1-20,0 3 1 0 4 
I 
Larvae of the West Coast sole were found 6ve~ a harrow surf~de 
salinity range of -between 34,91 and 35,30°/oo. Approximately 
84 percent of all occurrences were taken at salinities of 
35,O1° /oo·-35, 20°/oo. Only 9_, 5 percent of hauls conta.i,ning 
larvae were made at surface salinities less than 35,00°/oo, 
and 6,5 percent at salinities greater than 35,20°/oo. ·The· 
ten largest hauls of larvae were taken at salinities of. . . , -, 
34,91°/oo to 35,20°/oo ( '!'able .Y!ll-') with eigh,t of the haul~ 
occurring in the 35,01°/00~35,20°/oo.range • 
...__. 
TABLE fil1. • • Helatio::1ship betw~;en surface salinity and 
number of hauls containing larv~eof the 
~est Coast sole .1972-1974. 
Surface Salini tyJ l·~~r .Q.f. hauls 
. 
( 0 /oO > 11 - 10 11 - 50 -~ ~:·'ore than 
' 50 larvae 
Tota! 
. larvae . larvae I . . . 
~ 
l ·" 
34,91-35;00 5 2 2 9 
35,01!"'35, 10 15 19 5 39 
·' 
35,11.;..35,20 23 13 3 39 
35,21-35,30 5 1 0 6 
----·,-----~-... ---·· ·-·---
DISCUSSION 
The coastal waters between Cape Cross· e.._l'].d Hollam's Bird 
island is an important spawning location of the West Coast sole 
A. microleJ:?iS. The abundance and lOl'lgth composition of - --
the larvae indicate a relatively short spawning season 
from early spring ur.. til early summe:::" ~ raptdly decreE!.sing 
thereafter. Spawning was generally confined to upwelltn.g 
areas within 30 km from shore and i.s apparently heaviest in 
the vicinity of Conception Bay and Hol1am 1 s Bird Island 
and between Cape Cross and Walvis Bay. 
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T.he north.er.a.limit of larval distribution &\gg~t..ed. :that. J.ittle 
spawning took place north of Palg?ka~ Point. This does not 
totally agree with the distribution of commercial catches over 
the past few years. Since 1970, when demersal research 
commenced in S.ii.A., the sole catches have predominantly co.me 
from the area between Rocky Point ( 19°s ) and Palgrave Point 
(20°3o•s). This was particularly evident during the peak 
sole years I971 to 1974, during which period this larval 
research was conducted(A.Payne, Sea Fisheries Branch, person.al 
communication). Only a small portion of the sole landi.ags 
resulted from f'ishin{~ in the more extensive grounds south of 
'lial vis Bay r presumably hecaus.e. the. s-0le- f}Q.Pulation was more 
scattered in the .offshore grounds where fishing was allowed. 
As sexually active fish were recorded from the ryorthern ·· 
grounds ( A. Payne, Sea Fisheries Branch, personal communicat-
ion), the result of spawning north of Palgrave Point should 
have been noted in the collections of larvae. The complete 
absence of any ';v'est Coast sole larvae in the north,during the 
months of the survey, indicates that further reseat-eh is 
necessary to fiJlalise the whole mechanism of egg and larval 
dispersal of this species. 1£he southern extension of 
spawning was not delineated, which implied that smne spawning 
took place to the south of Hollam's Bird Island. Since no 
collections were taken froc1 April to July !973 ( mid autumn to 
mid winter) or after April !974, the duration of the spawning 
season could not be strictly determined. The fact, however, 
that larvae suddenly appeared in the plankton in early spring 
and disappeared in early summer~ suggested that spawning was 
probably insignificant at other times of the year. 
Recently hatched larvae were more numerous and widespread 
during the 1972/73 survey, suggesting that spawning was more 
intense and took place over a greater area during that season 
than in !973/74., During the first survey, peak spawning 
occurred in early September and early November. In contrast, 
the breeding area was geographically more restricted during 
the second survey, with peak spawning in early October. 
An earlier decline.in upwelling during the I973/74 spawning 
season could have res~ted in a shorter breeding season 
( compare October and November of both years, Figs.6 & 7). 
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Howeverr-since the number of West Coast sol.a larvae ee.ptlll"ed 
during the ·surve,ys-were--rela.tivel,y small compared with other 
pelagic fish larvae ( O'Toole 1977 ), patchiness in distribution., 
diurnal migration,or gear inadequacies, may have caµs~d the 
apparent variation in larval abundance betwsen years. · 
The pelagic eges and developing larvae of -the \lvest c'oast aoJ.e t.hould 
drift northwards along the coast from the southern spawning· 
grounds. Although the direction of water movement was not 
monitored during the routine ichthyoplankton surveys, the 
seasonal distributio~ of temperature and salinity confirms the 
general t:i."'ends outlined by Hart and Currie ( I960 j. The flow 
is usually northerly in winter and spring, when the prevailing 
south and south-·Nest winds are strong. ar.l.d upwelling intense, 
Isotherms are characteristically orientated, parallel to the 
coastr es~ecially in the south where upwelline is strongest, 
In summer, when the prevaili~ winds weaken, up·.~elling is 
reduced and warm oceanic -.Nater tends to move southwards and 
inshore. A typically northward transportation is shown by 
comparing the distribution of two size categories of larvae 
betwee_:1 the September and October cruises of 1972 ( Figs. 8 & 
9). This period was selected because the cohorts could be 
easily traced between these months~ Durine September,recently 
hatched larvae ( those less than 4,00 m:n ) were abundant in the 
inshore waters between ·valvis .day and Hollam's Bird Island 
( Fig. 8 ). Maximum numbers occurred off Conception Ba,. In 
October, larger larvae ( those greater than ,'3,00 fIUll ) although 
less numerous, ·Nere found iJetween Cape Cross and Wal vis Bay• 
peak concentrations being off Cape C1·:-Jss ( Fig. 9).. Assuming~ 
that the ,nore advanced stages collected in October represented 
~ome of the recently hatched larvae . taken in September, then 
the population :-vas_ transported northwarcls some 160-180 km in 
a period of about 30 days and showed s. growth of bet\rteen 5, 00 
and 6,00 mm. The percentage frequency of large larvae taken 
in the catches decreases rapidly durinc metamorphosis (Table 
IV and VI). During this time, the developing juveniles 
presumably descenJ~ to deeper layers, eventudlly becoming 
benthico Laboratory reared ~eteromycteri~ £.~12en_sis larvae 
were founq. to change behaviour and become m.arkedly benthic 
after a psriod of 38 days ( B!'o·.-vnell, Uni versi t,y of Cape Town, 
personal com.nunication). This pe:;-io::l roughly coincides with 
the time when metamorphosing la.rvae become scarce in the 
plankton. 
- 24-
• • • • • 
• • • • ••••• 
0 
22 
• • • • ••••• 
• • • • • 
0 
23 •••••• 
•1. • • • 
0 
24 Nos. per lOm 2 
~ 1 - 10 
~ 11 - 50 
• • >so 0 
25 
/ 
0 0 0 
13 14 15 
Fig. 8 Dist r i but ion and ab u n d an c e of West Coast 
sole larvae less than 4mm in ·1ength 












• • • • 
• • • • • 
• • • • 
• • • • 
• • • • 
• • • • • 
• • • • • 
• • • • 
Nos. per 10m
2 • • 
~ 1 - 10 • • 
w 11 - 50 









Distribution and abundance of West Coast sole 






AHLSTROlVI, E.H. I959 
AHLSTROM, E.H. 1973 
HART, T.J. AND 
R.I. CU·LRIE. 1960 
KING, D.P.F. AND 
A.A. ROBEHTSON 1973 
KRAIVIER , D • L': • J • 
KALIN, E.G. STEVENS, 
J .R'. THRAILKILL AND 
J .R. Zf~EIFTIL. 1972 
/ 
0 ' TOOL7 r,.' J .... ' !il. • 1973 
·o'TOOLE, M.J. 1976 
O'TOOLE 11 M.J. 1977 
Vertical. distribution of pelagic 
fish eggs and larvae off California 
and Baja California Q.§.. Pish Wildl. 
~·, Fish. ~ (I6I), gg ; 107-146 
Fish egg and larval surveys - handling 
the collections ashore. Contribution 
to a manual edited by H.G. Hemple. Z·ll·.2.· 
.Eifill. ~. Paper (I22) : pt ·4, 27-32 
The De.nguela Current. ":')iscovery ReE.;" 
.l1 123-298 
~ethods of pelagic fish egg and larval 
research in South West Africa. §. • .!f!:. 
ShiEP• ~ ~· !!11· ~· ~, (5) 
: 57-61. 
Collecting a.id processing data on 
fish eggs and larvae in the California 
Current Region. ~ 1£.gh. Rep.Q.!!Q -
370 38 pp. 
Fish larval investigations off South 
··~est Africa - a su.1unary of results. §. 
!!£• §bi.L?Jlo ~~ ~· !!1<!• ~• ~f 
(II) : 53-59. 
Incidental collections of small and 
juvenile fishes from e:.·~;g and larval 
curveys off South West Africa (!972-
!974) . 
Invest:.'..gations into some important 
fish larvae in the S. -~.Atlantic in 
relation to the hydrological 
vironment 6 Phd. ~-sis, 




I970 The Sea Fishes o~ Southern Africa, 
5th Ed.·Cape Town; Central~ 
Agenci : 580 pp. 
1967 An enzyme method of clearing and 
staining small vertebrates. 
Q.§.. ~· !fill· ill t ( 3596); 
I7 PP• 
Proc. -
DESCRIPTION OF THE LARVAE AND EARLY JUVENILES 
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ABSTRACT 
Large numbers of larvae and juveniles of the bearded goby 
Sufflogobius bibarbatus ( von Bonde) were taken in the 
neritic waters of South West Africa, during a two-year egg 
and larval survey. Larval and juvenile stages are described 
and illustrated. The geographic distribution, seasonality 
and relation of larvae to temperature and salinity are given. 
Diurnal migration, diet and possible explanations for the 
species abur1dance are discussed. 
I• INTRODUCTION. 
The bearded goby, Sufflogobius bibarbatus was first reported 
in the coastal waters off South West Africa by Barber and 
Haedrich ( I969) when three juvenile specimens were taken 
in the plankton associated with a scattering layer near Holla.m's 
Bird Island (24°4o•s). They suggested that the species was 
responsible for some of the strong sonic recordings in the 
layer and that it may be very abundant in the neritio waters of 
the region. More recent work on this phenomenon by d 'Arcangues 
(I974) showed that 2· bibarbatus indeed formed an important 
component of the scatter:i.ng layer. 
The Sea Fisheries Branch conducted an extensive fish egg and 
larval survey off the South West African coast during the 
years I972 to 1974. The surveys were undertaken to study 
the seasonality, distribution and abu.:1dance of eggs and larvae 
of the comme:_"'cially important pelagic species in the region. 
Larvae of the bearded goby were more abundant and widely 
distributed than any other species taken in the ichthyoplan.kton 
collections. Sufflogobius constituted 66p6% of all larvae 
collected in I972/73 ( 0 9 Toole, I974a) and 60fo of all larvae 
taken in 1973/74. Adults and juveniles also formed 53% of 
all small fishes incidentally collected during the surveys. 
(O'Toole 1976). Little is known about its biology and the 
eggs, larvae and juveniles have not been described. As no 
goby eggs were collected during the surveys, it is presumed 
therefore that the bearded goby ~pawns on the· bottom like other 
gobioid fisho 
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· ·The extent of its iocal distribution has been docUlllented 
as St.Helena Bay to San Sebastian Bay at depths of 28~50 
fathoms (Smith 1969; von Bonde.I923). However, recent 
find~ngs (Barber & Haedrich, I969; O'Toole, I973, 1976 and 
d'Arcangues, T974) indicate that the species is more abundant 
and widespread than at first believed. The taxonomy of the 
adult, formerly Gobius.bibarbatus von Bonde, was revised by 
Smith (1956) and assigned to a new genus, Sufflogobius boeause 
of its ability to self-inflate and the presence of two skin 
flaps beneath the chin. 
II• · SURVEY AREA • 
The region between Cape Frio ( ra 0 2o•s) and Hollam' s Bird 
Island was surveyed monthly from August I972 to March I973 
and from August I973 to April I974. These periods were 
selected to coincide with the known spawning months of the 
commeroial species. 
The sampling grid consisted of I80 s~ations on twenty lines, 
each containing nine stations ( Fig.1). The lines were 
/ 
spaced 32 km apart. The inshore station on each line was 
approximately 8 km from the coast and the outer station 
approximately 112 km offshore. The grid was sampled from 
north to south on a continuous 24 hour basis. During 
certain months some stations were not sampled due to poor 
weather conditions or technical difficulties. Station 
positions, omissions,depths and dates of the cruises have 
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III • MATERIAL AND METHODS • 
Ichthyoplankton collections were made using a 57 cm mouth 
diameter bongo net similar to that of Posgay et al (I968). --Paired nets of 0,94 mm mesh size were used on the first 
survey. A mesh size of 0,94 mm was used on the left unit 
and 0,50 mm on the right unit during the second survey. 
Oblique hauls were made at a speed of 2 knots, between the 
surface and a depth of 50 m or within a few metres of the 
bottom in shallow coastal waters. Surface salinity and 
temperatures to the full depth of the haul were recorded at 
each statio~1.. A more detailed account of sampling methods 
is given by King & Robertson ( 1973). 
The larvae •;f S .bibarbatus were extracted from the samples, 
co"Unted and st~dardized to the number under IO m2(Kramer 
et al 1972) .. Since large numbers were present in the --samples, specimens were not measured individually. However, 
as larvae were generally found to consist of uniform length 
classes within each sample, approximate percentages of these 
length groups were estimated .• 
A developmental series from yolk-sac larvae to juveniles was 
selected and the individuals measured by means of an ocular 
micrometer under a stereoscopic microscope. This series was 
also used when describing larval morphology and melanophore 
formation. Some individuals of the series were cleared 
(Taylor, 1967) and stained with Alizarin Red-S to obtain fin 
ray counts. Terms used in morphometric measurements are 
similar to those defined by Moser (!972). 
Although many juveniles and adults ranging from 30 mm to 
90 mm were taken during the surveys ( O'Toole, I976), this 
report is concerned mainly with larvae and early juveniles 
up to 30 mm in lengtho 
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IV • RESULTS • 
GENERAL MORPHOLOGY. 
The smallest larva caught was 2,25 mm in length. In larvae of 
length 2,25 - 2,50 mm, the yolk-sac is still present and the 
mouth and pectoral buds are formed ( Fig.2A). The notochord 
begins to flex in larvae of approximately 5,0 5,2 mm (Fig.2B) 
and is usually completed before attaining a length of 7,0 mm 
(Fig,2C). Juvenile pigmentation begins to develop when the 
larva reaches approximately 20 mm. The larvae of Sufflogobius 
develop smoothly and gradually. Preanal length increases from 
42% of the standard length (SL) at 2,8 mm to 55%· at IO mm. 
The gut tends to shorten at larval lengths of I4-16mm and 
levels off at approximately !8 mm when it is 50-52% of the SL 
( Fig .• 4A ) • Head length averages I?-23% of the SL in larvae 
of of 2,8 to ro,o mm long ( Fig.4B ). The head lengthens 
considerably in larvae of I2 to I9 mm averaging 30-32% of the 
standard length in juvenile specimens. Body depth, measured 
at the pectoral fin, increases gradually during larval develop~ 
ment ( Fig.4C) from I4% of the SL in 2,8 mm length larvae to 
!7% of the SL in larvae of' IO; 5mm leri.gth, Subsequent body 
deepening shows a slow increase from I7% of the SL in I2 mm 
larvae to 22% of the SL in 30 mm juveniles. 
A similar increase in body depth occurs at the origin of the 
second dorsal fin ( Fig.4D ). However, depth changes more 
rapidly in early larval development averaging 9,5% of the SL 
at 2,8 mm to I8% of the SL at I0,5 mm. A slight increase in 
body depth to 2<Y/o of the standard length occurs by the time 
juveniles reach 26 mm in length • Body depth continues to 
incre~se at both points in juveniles of 30 mm. 
FIN DEVELOPMENT. 
Yolk~sac larvae possess a well-developed fin fold surrounding 
the dorsal,anal and caudal regions~ No fin rays are visible 
although the pectoral fin buds are clearly seen even on the 
smallest larvae. The appearance of fin rays occurs in the 





Yolk - sac larva 2. 3 mm ) 
-B 
Larva undergoing flex ion ( 5.2 mm) 
c 
Post - tlexion larva ( ?. 6mm) 
Fig. 2 Larval development of the bearded ·go by, 
Suffl ogobius bi barbatus 
/ 
TABLE l. Meristics from cleared and stained larvae and juveniles of [~fflogobius 
bibarbatus 
. T--~--------
Length' Nos. _J ~/ ~p~:oral I Pelvic Caudal I Nos.of vertebrae 
fin 
• - >.._ 
( mm ) . ';;~.['- ~.cD.c--J c.._,__j '--: j \1li1nC.-eaL Piw~ '-~s c~ --
4~5 2 - - - - 4+4 -
5,4 4 1+7 1+6-7 5-8 - 7+7 -
8, 1 3 1+12 1+12 15-18 - 7+7 - 26 
9,2 4 1 +1'2 1+12 15-18 - 7+7 - 26 
10, 1 5 1+12 1+12 17-18 - 8+7 - 26 
10,6 3 1+12 1+12 18-19 - 8+7 - 26 
I • 12,0 5 1+12 1+13 20 - 8+7 a.+2 26 -.l 13,3 4 3+1+12 1+13 21 1+5 8+7 3+4 26 • 
13,8 5 3+1+12 1+12 21 1+5 8+7 4·r5 26 
14,3 5 3+1+13 1+12 22 1+5 8+7 6+"1 26 
15,2 5 3-r·1 +13 1-Vl2 22 1+5 8+7 'i) +g 26 
15,6 3 6+1+13 1+13 22 1+5 9+8 'l-t 8 26 
1694 4 6+1+1~ 1+13 23 1+5 9+8 (}T 9 26 
17,8 5 5+1+1~ ·, 1+13 22 1+5 9+8 /tHll 26 
1897 5 5+1+1\3~ '! 1+13 21 1+5 9+8 ''~" 26 "~~, ·( 
19,9 5 c5+1+t3 ,;,J 1+13 22 1+5 9+8 II+!/ 26 . ._.......; 
'i \ 
20p0 5 6+1+1~?<: 1+13 22 1+5 9+8 // f-/1 26 
22,6 3 
f. ·t . 
1+1l 22 1+5 9+8 ''"''' 20 6+1+1"-3 ... ; 
24.0 4 6+1+1~3n 1+13 22 1+5 9+8 11111 26 
25,7 3 
. .~"""'\ 
1+13 23 1+5 9+8 11+11 26 c5+1+1\3' ' -'fv , , I 
9+8 1/+11 26,5 3 5+1+1§ 4 1+13 2l 1+5 26 
28,0 5 6+1+1.r~) 1+1) ~2 1+5 9+8 /I loll 26 
I ........... ··----··-·-·~·-·----- ....... _________ ... ____ , __ .... _ .............. --. ·-.. ------------···~.- ..... _. __ .._. -----------~-···-····- "---···-·-
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· Rays begin to develop in the pectoral fin when larvae reach 
approximately 5 mm. Most of the rays are formed before the 
larva~ roach 7 mm'and the adult complement of 22 rays is 
attained by I3-I4 mm ( Table I ). The caudal fin starts 
to develop at the base of the notochord slightly anterior to 
the tip. The full number of 9 principal rays in the superior 
·lobe and 8 in the inferior lobe is reached by approximately 
I5 mm. The dorsal and anal fins develop immediately after 
notochord flexion. Before a length of 7 mm is reached, one 
dorsal and one anal spine, together with about 8-10 rays are 
present on both fins. The spines initially appear on the 
first dorsal at approximately I2 mm and the last spine forms 
at about I6 mm. The pelvic fins develop last ( 12,5 mm) and 
the full complement of 5 rays and 1 spine are reached by I3,0-
I3,5 mm. 
PIGMENTATIOF. 
The melanophore pattern of yolk-sac larvae consists of an 
arrangement of small pigment spots characteristically .Placed 
along the mid-ventral line ( Fig o 2A ) • A series of 6 - 10 
small melanophores are located between the t11orax and a.nu.a. In 
the gut region, a cluster of internal pigmentation is present 
in the dorsal area of the gas cavity and on the dorsal surface 
of the gut anterior to the vent. These melanophores remain 
throughout the entire larval development. Posterior to the 
·anus, a series of 8-10 pigment spots extend along the mid-ventral 
line almost to the tip of the notochord. Two or more 
melanophore.s fuse to give rise to a large stellate melahophore 
which is situated about midway in t:h.e series. On the dorsal 
surface, another conspicuous stellate melanophore is present 
above but slightly posterior to the corresponding ventral one. 
A small pigment spot is seen on the base of the notochord tip 
and remains throughout larval development. 
Pigmentation remains unchanged Uc~til the larva undergoes 
flexion, during which the melanophore on the dorsal surface 
begins to disappear and the first 4-5 spots posterior to the 
anus become embedded ( Fig. 2~ ). Towards the end of 
notochord flexion ( 6,5 - 7,0 mm ), the pigmentation on the 
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The first three spots becoming enlarged,elongated and embedded, 
while the others disappear ( Fig. 2C ). At a length of 
approximately 7,5 mm, a characteristic pigment spot forms on 
the base of the lower jaw and persists through the entire 
larval period. The spGts along the mid-ventral line posterior 
to the anus re-group to form three embedded oval shaped 
melanophores on each side of the body followed by three larger 
internal pigment spots. The caudal melanophore enlarges and 
the fin rays become melanistic on the ventral base. Pigmentat-
ion remains basically unchanged until juvenile metamorphosis, 
except for the appearance,at about 10 mm in length, of some 
internal melanophores in the hind lobe of the brain. Figure 
3A shows a larva of I6 mm with characteristic late larval 
pigmentation. 
Juvenile pigment~tion commences at approximately 20,0 mm when 
several spots appear on the upper and lower jaws ( Fig.3B ) ·• A 
group of stellate melanophores form on the snout and the 
cranial region. The pigmentation at the base of the caudal 
fin becomes more pronounced and iarge stellate melanophores 
form along the lateral line. Before a length of 25 mm is 
attained, the number of melanophores increase on the jaws, 
snout, cranial region and operculurn. Pigmentation appears on 
the dorsal surface and at the base of the dorsal fin• When 
the juvenile reaches approximately 30 mm, the body is heavily 
pigmented. ( Fig. 3C ). The dorsal and caudal fin rays are 
speckled with pigment. In juveniles of 40 - 50 mm in length, 
the melanophores along the lateral surface and on the fins, 
group into irregular bands characteristic of the adult form. 
DISTRIBUTION AND SEASONALITY OF THE LARVAE~ 
The larvae of the bearded goby were ab-u:ndar1t and widely 
distributed in the neritic waters of South West Africa. 
The cumulative distribution and relative abundance for all 
positive stations during both surveys periods is shown in 
Figure 5 and 6. Highest densities were found in the south 
of the research area, between Walvis Bay ( 23°s ) and 
Hollam's Bird Island ( 24°40'S). Approxi?JJ.ately 8afo of all 
larvae caught in Survey 1 and 6~ of those caught in Survey 





















~ 1 - 10 
~ 11-100 , 
II 101-500 
II > 500. 
o Stat ions occupied 
0 
10 . 11 12 
Fig. 5. Distribution and 
during Survey 







14 15 16 
of bearded g oby larvae 






















~ 1 -10 
ij 11-100 
ii 101 - 500 
II > 500 





Di stri but ion and 
during , Survey 2 







of bearded go by ,larvae 
represent cu mutative haul 
i 
- 14 -
TABLE II. The pero~ntage of bearded goby larvae taken in 
the different parts of the research area. 
AREA STATION LINE I972/.1J I97J/74 -
Cape Frio to Mowe Point I4 - 26 2,1 6,7 
Mowe Point to Palgrave Point 30 - 42 3,2 12,8 
Palgrave Point to Henties Bay 46 - 58 4,6 9,5 
Henties Bay to Sandwich Hb. 62 - 74 14,5 22,4· 
Sandwich Hb to Hollam's 
Bird Island. 78 - 90 76,8 52,5 
The southern limit of larval distribution was not established 
and probably ex·liended a considerable distance to the south of 
the,survey area. The numbers per haul showed a gradual 
decrease northwards from Walvis Bay with ontY. 13,3% and 22,4~ 
occurring north of Palgrave Point ( 20°2,•s ) in 1972/73 
and I973/74 respectively. Larvae were found over the whole 
. -
inshore/offshore range (Table III ). Nevertheless, about 
. -
65% of occurrences were at distances of 8 - 30 km from the 
coast and the seaward limit of larval distribution rarely 
exceeded 50 km from the coast. 
-
TABLE III. - The percentage occurrence of the total number of bearded goby larvae in relation to distance 
from the shore. 
I ' 
I JJISTANCE FR mi SHORE 
! IO km or less 
I l I 
r! _ I~::~7J -11973L)4 ---1197?174 _ 
' 
10 - 20 km 
20 - 30 km 
30 - 50 km 
50 - 100 lan 
100 km or more 
, ______ _ 
8,4 9,8 ... 
I 23. 5 I 25 ' 5 24 , 7 I 48. 1 . 22' 2 I 32. 8 
' 15 9 7 I 38, 7 I 29' 2 
I i l 0,6 I 4,9 I 3,2 
I 0,1 ! 092 I 0,2 
I : 
_...;.. ________ ·----'--·--·-----· ·---- t 
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Al though larvae of Suffl._q_gobi@ were collected during all 
months of both surveys, approximately 65% of the total were 
taken during November and December. Only approximately 
13% of the larvae were found from January to March I973, 
and I5% from January to March/April, I974. Larvae were 
more abundant and widespread in the plankton during I973/74 
than in I972/73. 
SURVEY I• (·August 1972 - March I973 ) 
The monthly distribution and abundance of larvae and early 
juvenile stages is shown in Figure 7. The length 
composition of the catches for each cruise is illustrated a . 
in Figure 8 and are expressed as the percentage of individuals 
in 5 mm length intervals. A summary of the monthly hauls 
and abundanee is given in Table iV • During August and -September, larvae were taken mainly in the co~stal waters 
south of Walvis Bay. The majority of specimens measured 
less than IO mm and were recently hatched from late winter 
spawning. In October, larval abundance decreased and were 
distributed further to the north. Highest densities of 
larvae occurred in the plankton in November and were 
concentrated in the inshore waters south of Walvis Bay, Many 
of the specimens ( about 7r:J'/o ) were larger than 10 mm and were 
presumably derived from the earlier spring spawning. Some 
newly hatched individuals were also collected, which indicated 
that some recent spawning had taken place. 
The distribution of larvae was more widespread in summer 
months and extended as far north as Cape Frio. The offshore 
distribution range was also more extensive, particularly in. 
January. Larval abundance decreased gradually from December 
to March with the more advanced stages predominating in the 
samples. The presence of some newly. hatchEJd larv~e north 
of Palgrave Point and south of Walvis Bay indicated that 
periodic spawning had taken place in these regions between 
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A summary of the monthly hauls and abundance of 
bearded goby larvae I972 - 1973. 
~ ... _.,. ___ .,---___ _... __ ., .. ··-
No:of larvae I Mean no. / % of No.of Noo of positive 
hauls hauls ! collected j of total 
I larvae 2 collec-I I per IOm ted. I 
I 
•wwwwwwwww --.. ----~ -·=ww- ·- --
August 126 12 158 25,6 0,9 
September 126 16 1840 124, 5 10,3 
October 156 23 664 57, 1 3,7 
November 180 38 6700 260,7 37,6 
December 180 40 5798 426,7 32,53 
January 180 73 1560 59,2 8,8 
February 177 50 1047 36,6 5,9 
March 177 18 
I 
58 9,5 0,3 
L 
SURVEY 2. ( August I973 to March/April I974 ) 
The distribution and abundance of the larvae and early juvenile 
stages of §.y.£flogobi~~ for each month is illustrated in Figure 
9 and the length frequency of specimens for each cruise is 
shown in Fit:ure 8 be A s~ary of the monthly hauls· and 
abundance iE given in Table Vo 
Larvae were generally scarce in the plankton during August and 
September a:r .. d were scattered in isolated patches along the coast 
from Mowe I ·int to Hollam's Bird Island. Specimens collected 
during thes~; months consisted of mixed size groups, probably 
resulting from spawning between July an.d August. In October 
and November 9 larval abundance increased greatly in the 
coastal· vvatt::rs from Cape Frio to Hollarn' s Bird Island. 
Maximum con<:.lentrations were found approximately 50 km north 
west of WalYis Bay in October and in the neritic waters south 
of Walvis Bay in November. The majority of specimens 
measured between 5 and I5 mm and must have derived from intense 





























·NO. PER STANDARD HAUL 















I - 10 
Point 
,-
·:· · · 
" 
· · {·· · Hol loni\ Bird 
OCTOBER 
. :.,, 
_i,1 __ •, 













IOI - 500 
d istri but ion and abundance of 







Hol loms Bird 
hlond 
MARCH I APRIL - > soo 
bearded go by 
197!. 
- 20 -
Larvae reached peak abundance during the month of December and 
were found over a wid~ coastal belt from Cape Frio to Hollam•s 
Bird Island. Centres of abundance occurred between Mowe 
Point and Palgrave Point and to the south of Walvis Bay near 
Hollam's Bird Island, Over 80% of the larvae were greater 
than IO mm in length and presumably resulted from heavy 
spawning in late October and November. The numbers of larvae 
declined sharply from December to March/April and consisted 
mainly of advanced larval stages and juveniles. Distribution 
was widespread between Cape Frio and Hollam's Bird Island but 
larvae were more common north of Palgrave Point and off Walvis 
Bay. The occurrence of some recently hatched larvae in the 
s'llruner collections indicated periodic spawning in the north 



















A summary of the monthly hauls and abundance of 
bearded goby larvae !973 - 1974. 
i I 




Mean no of 1 r f o.o o. a vae • t 0 
positive collected of larvae !total 
hauls I per IO m 2 collect-
ed. 
126 15 135 36,6 0,4 
135 22 139 15,4 o,s 
180 68 6716 151,6 21,6 
180 73 8456 271,2 27-,2 
I 
70 111,346 201,a 36,2 I 
I . 2214 
I 






175 50 983 33,2 3,2 
i 
In general, the bearded goby spa"Wned continuously from July 
to February in the inshore waters over the entire area. The 
main spawning season for both years took place from late 
winter to the end of sprin~ in the coastal waters south of 
Walvis Bay. During summer 9 spa"Wning decreased in intensity 
but extended over a much wider area to the north• 
l 
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The drop in larval apundance and the presence of larger size 
groups in the collections after mid summer indicated that the 
spawning season was nearing completion by early autumn. The 
distribution pattern was very similar for both years, but 
larvae were much more numerous during I973/74 which suggested 
that spawning was more intense. 
DIURNAL VARIATION IN CATCHES AND DIET. 
Larvae and early juvenile stages were collected in greatest 
abundance during the hours of darkness. Newly hatched larvae 
were however more abundant in day hauls. Larger larvae 
generally increased in numbers after sunset, reaching peak 
abundance at midnight and particularly between 04h00 and 
06h00 ( Fig .IO) • A gradual decline in numbers occurred 
during daylight hauls. 
The digestive tracts of 85 larvae ( 6 - 15 mm), 50 juveniles 
( 21 - 42 mm ), and 75 adults ( 65 - 85 mm ), from three 
coastal localities, Palgrave Point, Walvis Bay and Co•ception 
Bay were examined for the presence of food organisms, Only 
10 percent of the larvae, 52 pereent of the juveniles and 5~ 
of the adults contained food material in the gut. The diet 
consisted of a variety of phytoplankton and zooplankton. The 
chain forming diatom Fra&ilaria karsteni was the most eommon 
• 
species in the stomach of all stages. Unidentified copepod 
remains, euphausids, bivalve larvae and sand particles were 
present in the stomachs of juveniles and adults. The 
stomachs of the larvae were generally empty. Six specimens 
measuring I2p4 - 14,8 mm contained Frae;ilar~ karsteni , 
Chaetoceros lil2• and small well digested copepods. 
ABUNDANCE OF LARVAE IN RELATION TO TEMPERATURE. 
Larvae and juveniles of Sufflogobius were found in areas 
' 0 0 
where surface temperatures ranged from II,O to 22,0 c. 
Nevertheless,over 8~ of all the specimens were collected 
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Approximately 3% of occurrences were at surface temperatures 
lower than 13 ,o0c and about I7% at ·temperatures greater than 
0 
I8,0 c. The distribution of larvae in relation to surface 
temperature is shown for both surveys in Figures 7 and 9 and 
the larval abundance is related to surface temperature in -Table VI • -
-TABLE VI. - Relation between surface temperature and abundance of bearded goby larvae, !972 - 1974. 
·-·---·--·------------~------1 




11,0 - 12,0 
12,1 - 13,0 
13,1 - 14,0 
14,1 - 15,0 
15,1 - 16,0 
16' 1 - 17 ,o 
17,1 18,0 
18,1 - 19,0 
19,1 - 20,0 
20, 1 21,0 
21,1 .. 22,0 












II - 100 
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l ' 48 
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The vertical distribution of larvae was not determined during 
this investigation and consequently it is difficult to relate 
larval abundance to a particular temperature/depth range within 
the water column.. The routine hauls only demonstrate that 
larvae occurred somewhere in the 0-50 m layer.. A later study 
revealed however that larvae and juveniles occurred over a 
depth range of 6 ~ 90 m but that highest concentrations were 
at depths of IO - 25 m ( c. d'Arcanguesp University of Paris, 
Eers • .£.2!!.l!!!) ~ 
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If a depth of 20 m ia ehosen to ~pre-een~ the £one of greatest 
concentration of bearded goby larvae and temperature at this 
level is' related to larval abundance, then about 75% of all 
occurrences were found at temperatures between rr,o 0 and I5,0°c 
( Table Yi!). This denotes a decrease of approximately 2 
degrees compared with the surface temperature relationships. 
Approximately 87'fo of the hauls containing greater than 250 
2 . . 0 
larvae per IO m were taken at temperatures ranging from 11,1. 





20 m ( 0c) 
Relation between water temperature at 20 
metres and abundance of bearded goby larvae 
I972 - 1974. 
Number of standard hauls that collecteds-
. ' 
1 - 10 1 11-100 '101-250 1 250+ fTotal 
larvae larvae larvae larvae 
·--·-------+--------
11,1 - 12,0 
12,1 - 13llo 
13,1 - 14ll0 
14,1 - 15,0 
15,1 - 16110 
16,1 17,0 
17,1 - 18,0 
18,1 19,0 














































To test whether there are significant differences in larval 
abundance between temperature classes, the Kruskal-Wallis one 
way analysis of variance by rank ( Siegel I956) was applied to 
the 'original data summarized in Tables Yf and fil. Values of 
H 0 for temperature.at the surface and at 20 m were 23,54 ana 
22,35 respectively, both being significant at the I% level, 
;. 
Although the above test does not indicate which of the 
temperature Tanges significant differences occur at, it ~s 
apparent from Tables VI and VII that the optimum thermal. 
0 levels for the larvae of the bearded goby was between II,I 
and r5,0°c. The lower temperature threshold is probably 
aroimd IO ,o 0c and the upper tolerance level in the region of 




ABUNDANCE OF LARVAE IN RELATION TO SALINITY. 
Larvae of the bearded goby occurred over a wide range of surface 
s~li.nities from 34,85°/oo to 35 ,80°;00 , but approximately 80% 
of all the specimens were found in the low salinity coastal 
waters.in the South over a narrow range of between 34,91°/oo 






34,8I - 34,90 
34,91 - 35,00 
35 ,01 - 35,IO 
35,11 - 35,20 
35 ,21 - 35,30 
35,31 - 35,40 
35,41 - 35,50 
35,50 
Relation between surface salinity and abundance 
of bearded goby larvae 1972 - !974. 
Number of standard hauls that collected:-
1 - 10 11 - 100 101 - 250 250 + Total 
larvae larvae larvae larvae 
1 2 4 3 IO 
56 54 42 I7 I69 
82 59 54 29 214 
54 32 35 21 142 
22 14 10 4 53 
17 12 8 2 41 
13 6 15 2 26 
17 15 2 1 35 
As in the case of temperature, the Kruskal-Wallis ,test was 
applied to the numbers of larvae taken. per haul at the various 
salinity values and was found to be significantly different 
( H0 : 21,47; p 0,01 ). In general~ the larvae of ~ufflo5obius 
collected in the south in spring were characteristic of poorly 
saline water associated with Benguela Current upwelling, whereas, 
those occurring in the north during su.1!lmer were found at higher 
salinity values. 
( 
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DISCUSSION• 
The neritic waters off South West Africa, between latitudes 
0 0 I9 S and 24 S apparently supports a large population of the 
bearded goby, ~uffloBobius bibarbatus. The seasonal distrib-
ution and size composition of the larvae suggested that 
spawning occurred continuously along the entire coast from 
July to March. Spawning was heaviest in spring months in 
areas of coastal upwelling south of Walvis Bay where surface 
temperatures and salinities varied from Ir,o 0 - 16,o 0c and 
34,9°/oo - 35,2°/oo. In summer, spawning decreased but 
occurred over a wider area., particularly north of Palgrave 
Point. Larvae were found mainly in regions of mixing between 
warm oceanic fronts and ~oo!e~ coastal water. Surface 
temperatures and salinities in ths northern area ranged from 
I5°-20°c and 35 1 2°/oo - 35,5°/oo. 
It is considered unlikely that the adult population migrate 
200 - 400 km northward after spring -epawning to spawn again in 
summer. The short and limited nature of the summer apawxi.i.ng 
season, together with the environmental differences betwe~.n the 
two breeding grounds, suggested that two populations exist 
within the survey area~ The larger group was confined mainly 
to the cold low salinity coastal waters south of Cape Cross. 
The small summer spa~"ming group inhabited the warmer waters 
further north and probably represented the northern limit of 
the species distribution. 
The extent of the spawning grounds to the south is· unknown, 
since the regional distribution of larvae was not completely 
encompassed. Nevertheless, the large numbers of recently 
hatched larvae frequently taken on the most southerly line 
of stations, implied that the spawning area extended south 
of Hollam's Bird Island~ 
Gobies are generally bottom dwellers and deposit their eggs 
on shells, stones and gravel. It is presumed that 
S.uff.l.ogoJ:;ijJl_s; also spawn on the bottom as no eggs were 
collected in the plankton hauls. 
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The eggs would tharef ore require a considerable time to hatch, 
sino6 the temperature-of the bottom waters in the coastal areas 
off South West Africa is usually low during moat of the year 
( Stander, I964 ). Complete larval development could take 
from 2 - 3 months depending on the temperature of the water. 
Juveniles apparently remain iri the plankton for some time 
before seeking deeper layers and becoming epibenthonic. 
Advanced juveniles and adults captured sometimes in the nets, 
during spring months ( O'Toole, I976) may have resulted from 
eggs spawned during the previous years breeding season. The 
increase in spawning intensity during spring of I973/74 
suggested that conditions were more favourable than in !972/73. 
However, oceanographic and biological conditions, other than 
temperature 9 may have been directly or indirectly responsible. 
Caution should be exercised when explaining the large numbers 
of larvae and juveniles collected in the plankton. Behavioural 
st'"\idios on juvenile gobies in aqu?ria on board ship revealed 
that Sufflogobius is a feeble swimmer. Poor swimming ability 
and consequently low avoidance could result in the high 
capture ratio compared with juveniles of other species e.g .• 
pilchai!d Sardinops ocellata, anchovy Engraulis capensis, 
maasbanker Trachurus trachurus and hake Merluccius capensis 
( O'Toole, I974 b ). The prolonged pelagic phase of late 
larval and juvenile stages may also result in an over-estimat-
ion of species abundance due to resampling of the population 
on successive cruises. Nevertheless, such an explanation 
would not account for the large number of smaller larvae taken 
in the plankton during certain monthso Furthermore, the few 
newly hatched larvae taken in the srui.i)les indicates a possible 
under-estimation of abundance of young forms due to escapement 
through the meshes of the sampling gaar.. Unfortunately, an 
absence of earlier year's data precludes a comparison of 
larvae and juveniles with former yearsc As no previous 
references have been made to Sufflogobius in earlier.plankton 
investigations off South West Africa ( Hart & Currie, 1960; 
Matthews, I963 ) it is presumed that the species has only 
recently become an abundant constituent of the plankton. 
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Since I972 9 evidence of an increase in population can be 
substantiated by reports of occasional catches of juveniles 
and adults at night by purse-seine vessels fishing for 
pilchard. ( F. Schulein, Sea Fisheries Branch, personal 
communication). Previous records of goby catches by pelagic 
fishing vessels from Walvis Bay are unknown. 
It is possible that a decrease in predation may have been one 
of the more significant factors responsible for the apparent 
increase in numbers. Gobies have been known to play an 
important role as a source of nutrition to the higher predators 
in the food chain and to form a considerable proportion of the 
benthie biomass of bays and estuaries ( Petersen,I9I9; Duneker1 
I928; Takagi, 1960; Bhowmick, I9.64.; Green, I968).. Hake 
q.re also kno'Wl'l to prey haavily or+ gvb~o~ in the coastal waters. 
of South West Africa ( Golovan, I9"4). Between !965 and 1972, 
the total annual catch of hake rose sharply from 86,000 to 
568,000 metric tons in the ICSEAF divisions Cunene 1.3 and 
Cape Cross I.4 ( Ikeda I975). The removal of hake in such 
quantities over a period of several years may have resulted 
in an ecological imbalance in the predator/prey relationship 
in favour of the bearded goby. 
It is difficult to explain the large numbers of juveniles and 
adults frequently taken in the plankton at night-time. Barber 
and Haedrich ( I969) suggested that juveniles were foreed.t~ 
the upper layers because of the low oxygen content -0f the 
bottom water off Hollam's Bird Island at the time of capture. 
Anaerobic conditions can often occur off the coast of South 
West Africa, particularly during summer montflsr when 
conditions are relatively calm and li-ctle vertical mixing 
takes place ( Stander, I964 ). Lack of oxygen, together 
with toxins from dinoflagellate blooms have been responsible 
for periodic fish mortalities in.the region ( Copenhagen, 
I963; Pieterse and van der Post,. I967) ,, Low oxygen values 
off the coast have also been associated with a temporary 
displacement of hake from a benthic to a mid-water habit 
{Cram & Schulein, 1974). In the case of ~logobius, 
the occurrence of juveniles and adults in the upper 50 
metres, during all months, and the extensive coastal 
distribution ( O'Toole, I976) seems to pr8clude the 
acceptance of this theory. 
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Little is known. however, about the effects of low oxygen 
levels on the behaviour of gobioid fishes. Todd and Ebeling 
(I966) discovered that the large air bladder of the goby 
Gillichthys mirabilis was rich in oxygen and suggested that 
it could provide the fish with a source of oxygen in oligoxic 
waters. The fact that Sufflogobius can inflate its air bladder 
suggests that it may also be used for a similar purpose. Thus, 
the species could not only tolerate periodic anaerobic conditions, 
but would also have the added advantage of a means of avoiding 
predation during time spent on the bottom. 
Its occurrence in the scattering layer, the marked diurnal 
variation in catches and the presence of certain food organisms 
in the stomachs suggests that Sufflogobius is a semipelagic 
neritic form with an active diurnal feed rhythm. Self 
inflation of the gas bladder in this instance would serve as 
a useful mechanism to aid ascent off the bottom in search of 
food in the upper layers. 
Further investigations are now necessary to elucidate the 
ecological significance of the species in the coastal 
upwelling system and to test the validity of the foregoing 
speculations. 
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ECOLOGICAL INTER-RELATIONSHIPS BETWEEN THE LARVAL 
POPULATIONS AND WITH HYDROLOGY 
· INTRODUCTION 
The hydrological affinities were discussed briefly 
for each species but the seasonal patterns observed 
and their influence on aspects of spawning and 
larval distribution and upon the inter-relationships 
between the species themselves was not covered. 
This section thus serves to bridge the gap and in 
bringing in certain other theories and facts leads 
to a closer understanding of the ecology of the area 
as a whole. 
I. 
Spawning Area and Seasonality 
The area between Cape Frio and Hollam's Bird Island covers 
approximately 600 km of coastline. Within.this region 
the commercial fish species were found to spawn in two 
well-defined;zones which can conviently be divided into a 
northern sector bounded by lines I4 and 50 ( Cape Frio to 
Cape Cross ) and into a southern sector bounded by lines 
52 and 90 ( Cape Cross to Hollamvs Bird Island ). Spawning 
occurred in the south predominantly from spring to early 
summer during or shortly after periods of strong upwelling, 
when relatively cold low salinity Benguela Current water was 
widespread. In the northern sector, spawning was mostly 
confined to summer and autumn when tongues of warm saline 
oceanic or Angola Current water advanced towards the coast 
and mixed with the cooler coastal water. Some species 
spawned only in one of the two sectors while others spawned 
in both. 
In the south, spawning was centred closer to the coast 
than in the northern area which tended to be more offshore. 
The pilchard, for example spawned continuously from late 
winter to mid autumn but showed two major spawning peaks. 
During late winter and spring, heavy egg production was 
noticeable inshore in the south where temperatures and 
salinities ranged from I4°C to I6°C and 35,10°/oo to 35,30°/oo 
respectively. In contrast, summer/autumn spawning was 
more extensive and· took place in the northern off-shore 
waters at temperatures and salinities of I6°c to 21°c and 
35,20°/oo to 35,60°/oo respectively. 
Anchovy and maasbanker spawned in the northern sector from 
October to March/April but the main season was from summer 
to mid autumn. In the case of anchovy, spawning mostly 
occurred in a tongue of very warm, highly saline water 
(18°-22°0 ; 35,50°/oo - 35,80°/oo )which periodically 
intruded from the north-west and was apparently of 
subtropical or Angola Current origin. However, spawning 
also took place, but to a lesser extent, in mixed 
oceanic/coastal water at intermediate temperatures and 
salinities (17°-21°c ; 35,31°/oo - 35,60°/oo). 
2. 
In generalg maasbanker spawned in the same area and under 
similar environmental conditions as the summer breeding 
pilchard population, favouring the relatively warm mixed 
water masses. 
The hake spawning season was somewhat shorter than that of 
other species and occurred mainly in the southern area from 
October to December ( mid spring to early summer ). Spawning 
activity was centred to the west and south of Walvis Bay, 
the eggs and larvae being found in relatively cold low 
salinity water ranging from 13,0°c to 16,5°c and 34,90°/oo 
to 35,20°/oo. There was some evidence of hake spawning in 
isolated localities during summer months,especially in the 
north, but the number of newly hatched larvae in the plankton 
suggested that this was not pronouncedo 
The spawning location of the West Coast sole was generally 
confined to the south especially between Walvis Bay and 
Hollam's Bird Islando The period of spawning and the 
environment generally coincided with those of the hake. 
The seasonal distribution and the size composition of 
bearded goby larvae suggested that this species spawned 
continuously along the entire coast from July to March. 
However, the main spawning ground was centred in the south 
in areas of coastal upwelling, taking place during spring 
in waters with temperatures between 11,0°c and 16,o0 c and 
salinities of 34,90°/oo to 35,20°/oo. The bearded goby 
also spawned over a wide area :in the north during summer 
months but there was a marked decline in spawning intensity. 
Surface temperatures and salinities in the northern spawning 
area ranged from 15 ,o0 c to 20 ,o0 c and 35, 20° /oo to ·35, 50° /oo 
respectively. 
In general, the main spawning grounds of the pilchard and 
hake were satisfactorily encompassed during the surveys 
but the distribution of other larval species suggested that 
considerable spawning may have taken place outside the 
boundaries of the research area. For example, anchovy 
and maasbanker larvae were frequently abundant in hauls 
taken at the most offshore, and at the most northerly line 
of stations. 
Similarly, West Coast sole and bearded goby larvae were 
abundant in the ~ost southerly line of stations. Therefore 
if the spawning area of these species 
covered, sampling should be extended 
to the north, south and off shore. 
is to be adequately 
by at least 100 km 
Because the survey cruises were not conducted between April 
and July I973 or after April I974, it is possible that some 
species continued to spawn inco late autumn or even winter. 
Le Clus (I976) has shown that the South West African pilchard 
is a serial spawner and develops ovaries containing different 
size modes of yolked eggs. Spawning could therefore be 
extended and more batches of eggs matured and released if 
conditions continued to be favourable. The Pacific sardine 
~· caerulea is also known to mature several batches of eggs 
during the year and can release ova at anytime that suitable 
conditions arise (Mac Gregor !957). Similarly anchovy 
and horse mackerel species can reproduce a number of times 
during the year ( Ratte I973, Baxter !967, Komarov, I964, 
Macer I974 ). During February/March I973 there was a 
general decline in the number of small pilchard and maasbanker 
larvae in the plankton collections, possibly indicating that 
the spawning season was nearing completion towards autumn. 
Recently hatched anchovy larvae, however, showed an increase 
in number suggesting that this species may have continued to 
spawn into autumn. In contrast, during the same period in 
!974, newly hatched pilchard and maasbanker larvae increased 
considerably both in number and distribution which indicated 
a possible extension of the spawning season. There is 
little information on fish spawning off the coast during 
winter months. Matthews (!963) reported that pilchard egg 
production in the Walvis Bay area was negligible in l'vlay 
and June but that spawning intensity increases gradually 
from July onwards to reach a peak in September and October. 
The seasonal occurrence and abundance of pilchard eggs 
(King 1975, 1977 in press) and of fish larvae during this 
study also suggested a gradual increase in spawning activity 
in the southern area from late winter. Furthermore, 
hydrological conditions during winter may not be altogether 
suitable for widespread spawning since there is usually a 
sharp drop in temperature associated with the intensification 
of upwelling. 
4o 
The period August to April therefore probably covers the 
main breeding seasons of fish species off the South West 
African coast. However, it is possible that some species 
could spawn at any time during the year if environmental 
conditions were temporarily favourable. 
Timing and Variation in Spawning Intensity. 
The seasonal occurrence and distribution of larvae varied 
between years and was closely related to the onset of certain 
hydrological conditions. Hake S·pawning usually commenced 
with the reduction of upwelling and a gradual increase in 
temperature. This sequence of events differed between the 
two years and was reflected in the spawning patterns. In 
October I972, persistent upwelling in the south caused 
temperatures to remain relatively low and the scarcity of 
newly hatched larvae in the plankton showed that little 
spawning took place before October. In contrastp upwelling 
had declined markedly between September and October I973 
resulting in higher temperatures in the spawning grounds 
due to influxes of warm water. Recently hatched larvae 
were abundant during October reflecting the earlier, more 
favourable conditions in I973. Peak spawning of the hake 
occurred in December of both years when southward intrusions 
of warm ( 17°-18°0) water mixed with cold (14°-15°c) north-
ward-flowing water off Wal vis Bay. The iila::..n spawning 
season ended abruptly after December with the onset of more 
stable conditions and higher temperatures characteristic of 
summer. 
The timing and intensity of anchovy,spawning was apparently 
influenced by intrusions of warm (18°-20°0) water into the 
northwest sector of the research area during summer. For 
example, the main spawning season commenced earlier and 
was more intense in I972/73 when incursions of 18° to 20°c 
water were more pronounced. The earlier, heavier spawning 
was reflected by the greater abundance of larvae in the 
plankton during December IQ72 compared with December 1973. 
5. 
Anchovy spawning was also heavier from December I972 to 
February I973 when the boundary between the warm oceanic 
and cooler coastal water was better developedo The wider 
distribution of anchovy larvae both inshore and in the 
south during February I973 was associated with a greater 
south-eastward penetration of oceanic watero This 
suggested that a more extensive influx of r8°-20°c water 
might have increased tfie spaw~ing area available to the 
anchovy. In addition to the horizontal distribution of 
warm water, the depth of the core along the oceanic side 
of the front seemed to influence both spawning and , .... :.· _;:_·~­
distribution of the larvae. Anchovy larvae were more 
abundant in the plankton when intrusions of I9°-20°c water 
wer6 deeper and when greater mixing occurred in the upper 
30 metres. 
The main breeding season of the maasbanker coincided with 
the increased temperatures during summer caused by the 
advancement of warm water towards the coasto Spawning 
intensity, as evident from the abundance of larvae, was 
closely related to the degree of interaction between the 
warm and the cold water masses. During the summer of 
_!972/73, heavy spawning in the north in December and 
January was synchronized with marked, vertical mixing 
along the well-defined boundary zone between oceanic and 
coastal water. Spawning was not as intense during the 
same period in !973/74 when mixing was less evident and 
the front was weaker. Maasbanker spawning was noticeably 
heavier and widespread during February and March/April 
I974 following an extensive penetration of mixed water 
further inshore and southward. During February and March 
1973, spawning was restricted more to the north when 
intrusions of warm water were not as pronounced. 
The pilchard spawned over a longer period and within a 
wider range of environmental conditions than other commercial 
species. Spawning in late winter/spring was heavier in 
the south in I972 than in I973. 
... ·· .... 
6 •. 
The variation in spawning intensity between years could not 
be explained from the hydrology because thermal patterns 
during August and September were similar for both years 
but other factors for instance adverse biotic conditions, 
could have affected the southern spawning in I973. 
During October and November I973, pilchard larvae were 
found further north than in the same months of I972 which 
suggested that a shift in the spawning population may have 
occurred, possibly caused by t:1e wider distribution of cold 
coastal water to the north during the second survey period. 
The main spawning season of the pilchard stock in the 
southern sector is during a time characterised by low 
temperature, moderate to strong upwelling and an abundance 
of plankton. The fact that spawning occurred over a 
narrow temperature range of I4° to I6°c possibly indicates 
that temperature is the decisive parameter. Increased 
plankton production generated by strong upwelling may also 
play an important role in stimulating adult fish to spawn. 
Pilchard spawning in the northern area in summer coincided 
with a rapid increase in temperature associated with 
influxes of oceanic water. During the summer and early 
autumn of I974 spawning was heavier than in 1973 and was 
especially noticeable in March/April I974 when the spawning 
area extended further south following a southerly movement 
of the mixing zone. 
The larvae of the bearded goby occurred over such a wide 
area and were collected in such considerable number 
during all months of the investigation that it was difficult 
to relate the timing and duration of spawning to any 
particular hydrological event.. During the second survey, 
larvae were almost twice as numerous in the plankton than 
in survey 1, indicating that spawning was more intense. 
There was some evidence to suggest that the earlier reduction 
of upwelling in the south during spring I973 may have 
created more favourable conditions for larval survival. 
Dispersal of Larvae 
The dispersal of developing fish larvae from their spawning 
centres was influenced to a large extent by seasonal 
variations in hydrological conditions and by the actual 
area of spawning. Water circulation of South West Africa 
is generally variable ans subject to considerable seasonal 
change depending upon the strength of the prevailing winds 
and upwelling. Over much of the coast, but especially 
in the south, upwelling is usually at its maximum in winter 
and spring. The flow of the Benguela Current is strongest 
at this time, usually moving in a northerly direction 
parallel to the coast. Therefore, one would expect that 
larvae hatched from eggs spawned in the south during late 
winter/spring would be carried northwards by the current. 
The ability to follow successive cohorts of larvae at sea 
is often difficult due to the time interval between sampling, 
continuous spawning and mortality. However, it was possible 
to demonstrate a northward dispersal of pilchard and West 
Coast sole larvae between the upwelling months of September 
and October 1972.. The size distribution of bearded go by 
larvae was not analyzed between months but it is presumed 
that developing larvae were c~rried northwards since 
considerable spawning took place during upwelling months. 
Towards the end of spring, wind strength usually decreases, 
upwelling weakens and oceanic water pushes southwards 
causing the Benguela Current to become sluggish. The 
main hake spawning season occurs around this period (November 
and December). Hake larvae showed little evidence of a 
northerly drift but_ instead were contained within the general 
spawning area off Walvis Bay, perhaps by eddies associated with 
the interaction of warm water pushing south and cold 
water moving north. 
Upwelling generally reaches a minimum during summer and 
water circulation off the coast becomes variable. Intrusions 
of warm oceanic water inshore and southwards are evident, 
especially in the north. However, more complex local flow 
patterns may result from eddies generated at the mixing zone~ 
I 
8. 
Anchovy, maasbanker and pilchard spawn in the northern 
region at this time, congregating further off shore to 
breed than the southern late winter/spring spawning species. 
The general trend is for developing larvae to be carried 
inshore and to a lesser extent southward by the invading 
• oceanic water. For example, an inshore drift of maasbanker 
larvae was evident between January and February during 
both years. Pilchard larvae were also carried towards the 
• coast between January and February I974 and anchovy larvae 
were transported in a south-easterly direction between 
February and March/April I974. Although the main direction 
-
of dispersal appeared to be inshore, developing larvae were 
also carried away from the coast by currents. An increase 
in coastal upwelling in the spawning grounds between 
February and March I973 resulted in a westerly transportation 
of anchovy larvae and also caused spawning maasbanker to 
move off shore. 
One would expect a westerly drift to carry developing larvae 
away from the productive inshore areas into increasingly 
warm oceanic waters where stable hydrological conditions and 
food scarcity could cause heavy mortalities. In contrast, 
inshore transportation would bring larvae into closer contact 
with coastal areas where more.favourable biotic and abiotic 
conditions would be foundo Nevertheless, the timing of 
spawning appears to be generally advantageous for larval 
survival since incursions of water tend to be typical 
hydrological features of the area dUring summer/autumn. 
Since eggs and larvae at various stages of development were 
frequently collected together in the same haul, spawning and 
larval development may take place within a broad body of 
water of similar characteristics. Thus, the gross movement 
of water masses may not only influence the dispersal of 
eggs and larvae but also govern the extent of the spawning 











Spawning and Plankton Production Cycles 
\ 
The spawning of some marine teleosts and the appearance of 
their larvae have frequently been reported to coincide with 
the period when food organisms are most plentiful in the 
areas in which .they live. Cushing (I967) found that the 
herring populations in the different areas around the 
British Isles spawn in phase with the plankton production 
cycles and suggested that many of the natural changes in 
the abundance and distribution of fish stocks in the region 
were influenced by changes in plankton cycles ( Cushing 
I966 ). Bainbridge and Cooper (I973) have shown that the 
sudden appearance of newly hatched larvae of the blue 
whiting Micromesistius poutassou off the west of Ireland 
and north-west of Scotland was synchronous with the abrupt 
development of copepods in these areas. A similar 
pattern was observed by Bainbridge et al (I974) in which 
mackerel larval production was closely associated with 
the timing of spring plankton blooms. 
Although the relative abundance and seasonality of planktonic 
organisms,other than fish eggs and larvae, were not studied 
on this occasion, it is probable that both spawning and the 
appearance of fish larvae off South West Africa were also 
linked with the timing of seasonal plankton production 
cycles. Since fish larvae are members of the zooplankton 
community, their distribution and seasonality shottld reflect a 
similar trend with the plankton in general. It may be 
assumed from geographic differences in distribution and 
timing of fish larval occurrence that there are two separate 
areas of high plankton production off the coast. During 
midwinter and spring, the coastal upwelling regions south 
of Cape Cross are a zone of high plankton productivity, 
whereas the offshore.waters in the northern part of the 
territory are apparently rich in plankton during summer and 
autumn. Supporting evidence of two main areas of high 
plankton productivity is given by Yelizarov (I967) and 
Hobson (I971) who reported that greatest productivity was 
invariably recorded in the vicinity of Cape Frio (18°2o•s) 
and in the south near Walvis Bay (23°s). 
' IO. 
Temperature profiles may be used to document the mixing of 
warm and cold water masses and the strengthening and weakening 
of upwelling off the coast. Where upwelling has occurred~ 
primary and secondary production then follows. During this 
process, surface water low in nutrients is transported off 
shore and replaced at the coast by deeper colder water rich 
in nutrients. After a variable period, this new surface 
water gradually warms up as it is displaced off shore. At 
some point along this progression, conditions become suitable 
for phytoplankton and zooplankton production which results in 
a high number of small plankton particles being available for 
newly hatched fish larvae to feed on. Since upwelling is 
seasonal and is most pronounced in the southern region of 
South West Africa in late winter/spring, one would expect· 
that phyto and zooplankton production to be high in this area 
at this time. r~ • >~- .. ~ ·• . ·- -- -_·J:nv~s~/,7J~'1~;'COnducted Within 
the SWAPELS area b~tw~en May, ~d Novembe~ 1971 confirmed that 
during these months :pl~vJ<.~ ._D~~~·-~ ~o~~>·'was greatest near the 
coast in the south ( I. Kruger, Sea Fisheries Branch,perso~al 
· .commun~cation ) • Phytoplankton and zoo plankton.: r:e,a~ _ . :: 
were also found to alternate between months and greatest 
blooms of phytoplankton occurred during July and September 
when upwelling was most intense. At the same time, plankton 
. 1' 
. densities in the north were low but sl'ant.lt',\~ cllop /did increase 
significantly during November. Unteruberbacher (I964) and 
Kollmer (1962,1963) also reported on plankton seasonality off 
Walvis Bay and demonstrated that neri tic plankton t_ b1~ol'l")~sS. -= ) 
increased considerably between winter and spring. It would 
therefore appear that such a time would be particularly 
favourable for fish to spawn in view of the increased 
~bundance of food organisms available for feeding larvae. 
King and McLeod (!976) have shown that the dominant food 
organism of the South. West African pilchard is the copepod 
Calanus carinatus. It is interesting to note that pilchard 
spawning in the south is accompanied by a significant increase 
in the abundance of this copepod in the plankton. 
(Unteruberbacher !964). 
II. 
In the northern part of South West Africa, marked intrusions 
of oceanic and Angola Current water push inshore and 
southwards against the cooler coastal Benguela water during 
s~er. . This process creates a mixing or boundary zone 
between the water masses which can be expected to lead to an 
increase in primary and secondary plankton production at 
this time. Mixing areas between warm and cold currents are 
generally noted for their high biological productivity. 
Oceanic fronts are known to aggregate plankton and flotsam 
and create .conditions especially favourable for growth of a 
higher standing crop ( Knauss I957, Uda and Ishino I958, 
Hela and Laevastu I962 ). High concentrations of plankton 
have been reported from the boundary zone between the warm 
saline Oyashio current and the cold low salinity Kuroshio 
current (Siomina !958, Beklemishev and Burkov I958). In 
some cases, the standing crop of chlorophyll~ and zooplankton 
is often higher at the zone of intermingling between two 
different water masses than in each separately ( Siomina 
1958, Griffiths I963 ). Areas of mixing, in addition to 
being favourabl~ for plankton production are also noted as 
centres of high pelagic fish abundance, Uda (I953, 1961) 
and Uda and Ishino (I958) reported that pelagic fish 
abundance off Japan is often closely related to the frontal 
system formed by the Oyashio and Kuroshio Currents. Kure 
(!969) found that shoals of the sardine Sardina pilchardus 
were most densely aggregated at the bouhdary zones between 
warm and cold water off the Bay of Biscay. Other species 
such as long fin tuna and sprat also seemed to follow the 
same rule. 
Off South West Africa, Komarov (!964) has shown that the 
mixing zone between the Benguela and Angola Currents support 
sizeable pelagic fish stocks and this study clearly 
demonstrates the importance of the region as a breeding 
area of maasbanker, anchovy and pilchard. Unfortunately 
there is little information on the distribution and 
abundance of plankton in the northern water of South West 
Africa especially during summer and autumn when interaction 
between the water masses is pronounced and widespread. 
I2. 
However, one would expect from the rather sudden and widespread 
appearance _of fish larvae during this time that there was a 
corresponding increase in plankton biomass and abundance of 
food organisms in the region. The fact that patches of fish 
larvae were frequently aggregated along the boundary zone 
b$tWeen water masses could suggest that food organisms were 
especially plentiful or suitable in these 2r2~so 
The hypothesis is put forward that the spawning in the northern 
and southern regions of South West Africa coincide with what 
is on average a period of increased plankton production in 
these areas. In the south, the main breeding season of fish 
takes place in spring/early summer at relatively cold 
temperatures during or shortly after periods of coastal 
upwelling, when the spring plankton bloom is at its peak. 
In contrast, fish spawning in the north occurs predominantly 
during summer/autumn at higher temperatures when,presumably,. 
increased plankton biomass offshore results from the mixing 
of different water masses. 
The· influence of seasonal hydrological <"h::i.n~e on the timing 
of plankton production cycles in these two areas could have 
played an important role in the formation and separation 
of spawning grounds. Seasonal and regional spawning 
preferences by various species possibly relate to different 
adaptive mechanisms by the larvae to predation, starvation, 
food characteristics and densities. For example, higher 
temperatures in the northern spawning grounds probably allows 
the newly hatched larvae to pass more rapidly through th~ 
°'critical phase" than those hatched in the colder water of 
the south. However, this could be due to a shorter 
duration, life cycle~ or lower density of suitable food 
organisms in the plankton for the larvae to prey upono In 
contrast, plankton production and density is likely to be 
higher ~d more consistent in the cooler upwelling zones 
and rapid growth rates through the early stages may not be as 
critical a factor. Some species can continue to spawn 
at various localities outside the main breeding period. 
13. 
Such isolated spawning may be triggered by the formation of 
suitable hydrological conditions temporarily favourable for 
plankton production. 
Influence of Hydrology on Spawning Area. 
Changes in the quality of 
in the plankton community 
larval fish populations. 
water masses accompanied by changes 
are known to affect adult and 
Bainbridge and Forsyth (I972) 
demonstrated a relationship between a northerly shift in the 
spring herring population of the north western North Sea 
and a marked northerly distribution of the Calanus populat.ion. 
Hart (!974) .has correlated a high larval abundance of the sand 
eel Ammodytes marinus in the North Sea with a greater penet 
penetration of Atlantic water and suggested that good 
environmental conditions brought about by the presence of 
Atlantic water and its associated plankton community could 
result in higher larval survival. 
In this study, the seasonal distribution of some fish larvae 
species suggested that the gross area available to spawning 
adults may be linked with the horizontal and vertical 
distribution of certain water masses. A greater penetration 
of water with mixed oceanic and coastal properties in the 
north during summer / autumn favoured an expansion of the 
breeding area of pilchard and maasbankero Conversely, a 
shorter more restricted spawning season seemed to result if 
the mixing zope was pushed further north and offshore by 
the the occurrence of upwelling at the coasto Anchovy 
spawning was mainly confinGd to waters with Angola Current 
properties. However, deeper and more widespread intrusions 
of this water mass could result in an expansion of its 
spawning area. In the south, the duration of the spawning 
season and extent of the spawning area of species such as 
hake, bearded goby and pilchard might be affected by the 
duration and intensity of upwelling. Substantial changes· 
in spawning behaviour could be caused by anomalous 
intrusions of warm water during periods normally characterised 
by upwelling. 
I4. 
Such anomalous conditions were recorded in I963 causing dramatic 
changes in plankton distribution, abundance and composition 
(Stander and de Decker 1969 ). During the same period, 
a sharp decline in pilchard spawning activity was noted together 
with a retardation in gonad development and a reduction in oil 
yields from the commercial 03tches. 
The area over which spawning takes place can be considered as 
one of the more important conditions which influences the 
survival of a year-class (Ahlstrom 1965). One could therefore 
argue that pilchard and maasbanker recruitment was greater 
from the summer/autumn spawning of I974 than I973 since there 
was a considerable expansion of the spawning area off the coast. 
Bearded goby larvae were also more widely distributed and 
abundant during Survey 2 which suggested that larval survival 
was higher compared with that of Survey I. 
In the final analysis, the spawning area, success of larval 
survival and recruitment of fish stocks off South West Africa 
probably stems from the degree of seasonal hydrological changes 
between water masses and the resulting production and distribut= 
ion of plankton associated with these interactions. 
Ecological Inter-Relationships between Species 
Numerous factors have been attributec. -:o disrupting the ecolog= 
ical balance between populations of fish species inhabiting 
the same environment. The rapid decline of the abundance of 
one species could be caused by consistently high mortalities 
through over-exploitation, an increase in interspecific 
competition, predation or a succession vf poor year classes 
resulting from unfavourable abiotic and biotic conditions 
during early life. When combined, these factors would have a 
dramatic effect on the population as a whole. In contrast, 
a corresponding increase in biomass of another species may 
indicate a mere shift of fishing effort to that species. 
Alternatively, the reduction of interspecific competion, an 
expansion of the spawning area together with good larval 
survival caused by favourable hydrobiological conditions might 
explain the phenomenon. 
I 
I5. 
Following the near collapse of the South West African pilchard 
fishery in I969, fear was expressed by the management that the 
anchovy population might increase at the expense of the pilchard. 
Such a species inversion has already been documented off Calif= 
ornia (Murphy I966) and Japan (Nakai I960) and because both 
pilchard· and. anchovy adult populations generally share the same 
ecological niche, it appears that the apprehension was well 
founded. However, the results of this study suggested that 
spawning pilchard and anchovy do not inhabit the same environ= 
ment although they probably intermingle at other times of the 
year. This assumption is based on the fact that the breeding 
areas were to a large extent geographically separate and 
that the larvae of both species were rarely taken together 
in the samples. Peak spawning also occurred over different 
temperature ranges and in water masses of different 
characteristics. It would therefore appear that competition 
between anchovy and pilchard is not a significant factor 
during the vulnerable larval period but it is possible that 
this increases considerably when juveniles and adult shoals 
later intermingle. Furthermore, since the pilchard spawn 
over such a wide area and temperature range it may be con= 
eluded that the species has an added advantage over the 
anchovy in the environment. 
The inter-relationship between the pilchard and other 
species, however, may be more complicated. In the northern 
part of South West Africa, the spawning season and area of 
pilchard and maasbanker was identical with the larvae of 
both species occurring together in considerable numbers. 
Arthur (1976) showed that the diet of recently 
hatched larvae of jackmackerel T. symmetricus and 
sardine s. caerulea differed wi.th the former feeding 
predominately on copepod adults and the latter on 
copepod eggs and nauplii. However as the length of 
the larvae increased, the size range of the food particles 
ingested were comparable. This is thought to be due, 
to the fact that small jack mackerel larvae have a 
larger mouth which enables it to feed on particles 
of a greater size. Feeding incidence of jack mackerel 
larvae was also found to be higher with increased 
16. 
growth which may indicate a more voracious feeding 
habit than sardine larvae. The diet of pilchard and 
I 
maasbanker larvae have not been compared off South West 
Africa but their frequent co-occurrence in hauls does 
suggest that competition may be intense at least during 
certain stages of larval development. 
Juvenile and adult maasbanker are known to prey on a 
variety of organisms including small fish and larvae and 
juvenile stages of pilchard have been recorded from the 
stomachs of large maasbanker from South West Africa 
(P.McLeod, Sea Fisheries Branch, unpublished data). It 
is therefore possible that in addition to competition 
during the larval phase, developing pilchard larvae may 
be also subject to heavy predation by maasbanker shoals 
congregated in the spawning area. 
In the southern area, the main spawning season of pilchard 
and'bearded goby takes place in spring with the larvae 
frequently occur.ring togethe.r_ in the same hauls. However, 
larvae of the bearded goby were exceedingly numerous and 
in some cases outnumbered those of the pilchard by over 
300 to l. Possible reasons for the apparent numerical 
dominance of this species could be due to a lower avoidance 
reaction to the sampling gear. This may be the case with 
larger sized specimens but it would not explain the high 
proportion of newly hatched bearded goby in relation to 
pilchard larvae. An underestimation of newly hatched pilchard 
larvae could be caused by extrusion but this would also 
presumably affect recently hatched bearded goby larvae. The 
fact that larvae of the bearded goby were more numerous 
that other species in the plankton is difficult to concieve~ 
especially when taking into account the large biomass and 
relatively high fecundity of pilchard and hake. Whether 
the larval population was always as abundant is not 
known in the absence of comparable data. It is possible 
that the species was a prolific in former years but it 
is strange that no mention has been made of its occurence 
in the region by other plankton investigators e.g. 
H~rt and Currie (1960), Hart and Marshall (1951) and 
Matthews (1963). ,Some evidence to suggest an increase 
io biomass is provided ·by reports on the recent appearance 
of the species for ·the first time in th.e commercial purse-
se~ne catches off Walvis Bay. If there has been a change 
in population abundance in the last few years it could 
be related to the pilchard and hake fishery. The stocks 
of both species have been intensively exploited by 
local and international fishing fleets over the past ten 
years and the populations now appear to be declining. 
GoloTan (1974) has shown that gobies are an import.ant diet 
of the hake in the coastal waters of South West Africa. 
In the larval stage, pilchard may also be regarded as 
potential competitions with those of the bearded goby. 
Theoretically, therefore, it could be argued that the heavy 
mortalities among these stocks had an impact on the ecosystem 
which might have allowed the expansion of the bearded goby 
population through the .removal of large quantities of 
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ABSTRACT 
The development of yolk-sac, larval and metamorphic stages of Sardinops ocellata (Pappe) 
are described, together with notes on the transition to juveniles. Emphasis is placed on changes 
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The pilchard or sardine, Sardinops ocellata (Pappe ), has for about 30 years 
been of considerable importance to the commercial fisheries off the western 
Cape and South West African coasts. Research on the biology of this species 
has continued since its initiation by D. H. Davies in the 1950s. This research has 
been intensified since September 1970 with the commencement of the Cape 
·*Present address: Sea Fisheries Branch, Cape Town. 
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Cross Programme (Cram & Visser 1972) which was instigated by the decline 
of the South West African pelagic fishing industry in 1968. The South West 
African Pelagic Egg and Larval Survey (SW APELS), forming part of the Cape 
Cross Programme, was started in September 1972. The purpose of this 
SW AP ELS programme was that of stock assessment of the pilchard and anchovy 
by means of an intensive quantitative egg and larva survey off the South West 
African coast. A prerequisite of this type of work is accurate identification 
of the larvae concerned, based on adequate descriptions of the larvae at all 
stages of their development so that pilchard and anchovy larvae can be readily 
distinguished from one another, and also from any other clupeid-type larvae 
which may occur in the area. It has thus been decided to present detailed descrip-
tions of the development of the pilchard, Sardinops ocellata, and the anchovy, 
Engraulis capensis, as and when sufficient larval material of the two species 
becomes available. In addition~ in western Cape waters, the larvae of the red-eye 
sardine, Etrumeus teres, are found in considerable numbers, and their similarity 
to the .larvae of Sardinops ocellata and Engraulis capensis necessitates a detailed 
description of the larvae of Etrumeus teres. At present, however, the available 
material lacks certain stages of Engraulis capensis and Etrumeus teres. Conse-
quently the present paper deals only with the development of Sardinops 
ocellata. 
Some confusion exists in the taxonomy of Sardinops Hubbs, which is generally 
accepted as comprising five species, viz. S. caerulea (California), S. sagax (South 
America), S. neopilchardus (New Zealand· and Australia), S. melanosticta 
(Japan) and S. ocellata (southern Africa). This distinction is followed for the 
purposes of this paper, although the authors are aware of Svetovidov's (1952: 
193) classification which places all these as sub-species of Sardinops 
sag ax. 
Because of their importance :in the commercial fisheries of the world, con-
siderable int\:rest has been shown in the biology of these species, including 
studies of their egg and larval development. Scofield (1934), Ahlstrom (1943) 
and Miller (1952) have considered the development of S. caerulea; Uchida (1958) 
described the eggs, larvae and juvenile stages of S. melanosticta; Baker (1972) 
included the eggs and larval stages in his study of the biology of S. neopilchardus; 
Hart & Marshall (1951) recorded larvae of S. ocellata off the South West 
African co~st and Davies (1954) described the eggs and larvae of this species 
from Cape waters. 
Davies (1954) obtained the early larval stages of S. ocel!ata by hatching 
fertilized eggs collected in plankton nets, and later stages directly from plankton 
samples. He pointed out that the most important diagnostic feature of the 
larvae is the characteristic pigmentation and described briefly the yolk-sac, 
larval and juvenile stages mainly in respect of their pigment pattern and the 
development of the fins. As has already been pointed out, it was found necessary 
to describe the development in greater detail to ensure reliable identification 
and separation from the larvae of Engraulis capensis and Etrumeus teres. 
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MATERIAL AND METHODS 
Figure ·1 shows the area off the South West African coast where pilchard 
larvae were collected between August and December 1972, at the start of the 
SW APELS programme. Material was obtained by the R.S. Sardinops of the 
Sea Fisheries Branch, in monthly plankton samples at fixed stations between 
Cape Frio and Hollam's Bird Island. A detailed description of SWAPELS 
methods is given by King & Robertson (1973). Bongo nets of 57 cm and 18 cm 
diameters, with mesh sizes of 0,940 mm and 0,300 mm respectively, were fished 
in oblique tows from the surface to a depth of 50 metres at each station. Pilchard 
larvae sorted from the plankton were preserved in 5 per cent formalin. Yolk-sac 
larvae were not obtained in the plankton hauls, but information regarding 
these early stages was obtained by hatching, in the laboratory, fertilized pilchard 
eggs taken at sea and identified from the descriptions of Sardinops eggs (Davies 
1954; Baker 1972). The larvae reared in the laboratory did not survive beyond 
the yolk-sac stage. 
A total of 164 larval and juvenile specimens from the study area were 
examined in detail for pigmentation, fin development, fin position relative to 
myotomes (and relative to vertebrae in metamorphosing and early juvenile 
specimens) and changes in body proportions during development. Juvenile 
material was supplemented by specimens from Cape waters in order to document 
the development of scale cover. 
In each specimen fin rays were counted and, in addition, the total number 
of myotomes, the number of myotomes from cleithrum to pelvic fin, cleithrum 
to dorsal fin, cleithrum to anal fin and end of dorsal fin to the origin of the anal 
fin were determined. Myotome counts were made from the first complete 
myotome behind the cleithrum to the myotome immediately preceding the fin 
concerned, this being taken at the extreme dorsal portion of the myotome in 
the case of the dorsal fin and the extreme ventral portion in the case of the anal 
and pelvic fins. Ifowever, since most earlier studies on clupeid larvae (e.g. 
Ford 1930) cleared larval specimens and stained bones using alizarin in order 
to relate fin position to vertebrae, 24 specimens between 18,8 mm s.l. and 38,58 
mm s.l. were cleared and stained (Hollister 1934) so that fin movements at 
metamorphosis in S. ocellata could be compared with the changes described for 
other species during this stage of development. 
Measurements of head length, eye diameter, snout length, body depth 
(at the base of the pectoral fin) and lengths to dorsal, anal and pelvic fins were 
related to standard length. In considering metamorphosis of the larvae it was 
found that measurements from snout to dorsal and anal fins (as used by Lebour 
1921 and Baker 1972) did not reflect clearly the changes in fin position 
evident in myotome (and vertebral) counts. This was found to be attributable 
to the increased rate of head growth and therefore measurements between the 
cleithrum and dorsal fin and cleithrum and anal fin were used instead. The 
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Fig. I. Map of South West African coast, showing the grid (small dots) of the SWAPELS 
programme. Large dots indicate stations at which Sardinops ocel/ata larvae were obtained. 
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GENERAL DESCRIPTION 
Sardinops ocellata larvae pass through three stages of development after 
hatching and before attaining the juvenile stage. These stages are the yolk-sac 
stage which may be regarded as a continuation of embryonic development 
subsequent to hatching; the larval stage; and the metamorphic stage when the 
larvae undergo changes and begin to acquire characteristics of the adult. The 
juvenile stage is that in which the fish possess all the basic adult characteristics. 
YOLK-SAC STAGE LARVAE (Figs 2-3) 
The newly hatched larvae of S. ocellata are 2,75-2,95 mm in length. The 
head, with unpigmented eyes and undeveloped mouth, is flexed downward 
over the prominent yolk-sac. This yolk-sac is segmented and has a single 
spherical oil globule which is posterior in position. Both yolk-sac and oil globule 
are devoid of pigmentation. The yolk-sac measures 0,8 x 0,6 mm in the newly 
hatched stages but. diminishes in size with utilization of the yolk material. 
the dorsal, caudal and anal fin folds are broad and continuous at this stage, 
and the anus is situated closer to the posterior end of the body than to the head. 
The distance from snout to anus is 82-87 per cent of notochordal length in 
newly hatched larvae. 
Even in newly hatched larvae most myotomes (44-47) are clearly defined 
and only the most posterior ones are not very distinct. The end of the vertebral 
column is straight. Pigmentation in newly hatched S. ocellata is typical of 
Sardinops, and indeed of most clupeid larvae (Lebour 1921; Miller 1952; 
Orton 1953; Baker 1972) in that it consists of a few scattered melanophores on 
the dorsal surface of the head and a row of expanded, finely branched melano-
phores on either side of the dorsal fin fold (Fig. 2A). During the period of 
utilization of the yolk-sac this dorsal pigmentation migrates ventrally as illus-
trated in Figure 2B. The melanophores in the posterior part of the body are 
the first to complete the ventral migration (Fig. 3A), and this trend continues 
anteriorly until all the melanophores, except those on the head, have attained 
the ventral position (Fig. 3B). 
Soon after the end of pigment migration the arrangement of the melano-
phores is as follows: 
(i) a few scattered melanophores on the dorsal surface of the head; 
(ii) a single large melanophore at the base of the pectoraLfin; 
(iii) two (or occasionally three) elongated melanophores mid-ventrally, 
anterior to the pectoral fin; 
(iv) six to seven pairs of slightly elongated melanophores along the dorsal 
edge of the anterior half of the gut, i.e. along the ventral edges of the 
myotomes, on either side of the body; 
(v) a double row of four to five alternating pairs of elongate melanophores 
along the ventral surface of the gut, extending from the position of the 
swim-bladder posteriorly, to the anus. 
- .. 
' 
A 2,9 mm 
Fig. 2. Yolk"sac stage larvae. A. Newly hatched yolk-sac stage showing dorsal pigmentation. B. More advanced yolk-sac stage (2-3 days old) 



















Fig. 3. Yolk-sac stage larvae. A. Stage with pigment migration well advanced (3-4 days). B. End of yolk-sac stage (5-6 days) with pigment-migration 
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(vi) a few (4-5) small melanophores along the ventral edge of the myotomes, 
above the posterior part of the gut (these melanophores are not super-
ficial, but visible through the muscle tissue- of the myotomes); 
(vii) a single very prominent melanophore on the dorsal part of the gut, in 
the position where the gut curves ventrally to the anus; and 
(viii) .two groups of melanophores situated mid-ventrally along the tail region 
of the body, 4-5 lying just dorsal to the base of the anal fin (once this is 
developed) and 5-7 close to the tip of the tail and associated with the 
caudal lepidotrichia once these are formed. 
A small pectoral bud develops in larvae of about three days and length 
4,0 mm and the first pigmentation of the eye commences a little later, at 5,0 mm 
notochordal length (n.l.). By the time of completion of pigment migration 
(6-day-old larvae, 5,1 mm n.l.) the yolk-sac is almost entirely used up and the 
head is no longer flexed. Up to this stage the gut is simple, comprising a long 
narrow tube which, towards the end of the yolk-sac stage, becomes slightly 
wider over its posterior half. Mid-way along the gut and in the position of the 
17th-18th myotomes a small inconspicuous swim-bladder is formed. 
The pectoral fins also show a slight further development by the end of the 
yolk-sac stage in that they are no longer only minute buds but have well-fo1med 
blades. The dorsal, caudal and ventral fin folds are still fairly broad and con-
tinuous at this stage, with a slight constriction just before the caudal region, 
especially in the dorsal fin fold. The caudal fin fold is the only region to have 
developed lepidotrichia at this stage. At the end of the yolk-sac stage all myo-
tomes are visible and number between 48 and 50, with 38 to 40 myotomes 
preceding the anus. 
LARVAE (Fig. 4) 
The end of yolk-sac utilization. marks the beginning of a period of larval 
development (5,5 mm n.1.-22 mm s.l.) during which the major ch1anges taking 
place are in body shape and gradual fin formation. The body becomes elongated, 
the larvae having a characteristic very slender appearance. The continuous fin 
fold which was broad during the yolk-sac stage diminishes progressively and 
has marked constrictions before the caudal region. The ventral fin fold, anterior 
to the anus, becomes obliterated with the increased development of the gut, 
presumably coincidental with the commencement of feeding in the larvae. 
The gut is narrow and straight in the anterior region, curving slightly 
ventrally for a short distance in the mid-body region, below the swim-bladder. 
Posterior to the swim-bladder the gut is wider in diameter and the wall is thicker 
than in the anterior part. Some authors (e.g. Baker 1972) have described this 
posterior region of the gut as a convoluted tube. Examination and dissection 
of the gut in this region have shown, however, that in S. ocellata the gut. is in 
fact a straight tube with the wall slightly constricted at close and regular inter-
vals. Corresponding to these constrictions are thickened areas of the wall which 
protrude into the lumen of the gut. These projections presumably form what 
:Fig. 4. Larvai stages. A. Early phases of fin development. B. Fin development well advanced and bud of pelvic fin present. C. Fin development 
almost complete (except for pectoral fin rays); also increased amount of pigment present on head and body and myotomes extending slightly ventrally 




























134 ANNALS OF THE SOUTH AFRICAN MUSEUM 
D'Ancona (1931) referred to as the spiral valve of the posterior intestine of 
larval clupeids. These thickened areas give the gut a striated appearance which 
we believe has led some authors to regard the gut as convoluted. 
In larvae of S. ocellata the head is slightly elongated and the snout pointed. 
This snout is 3,5-4,6 per cent standard length (s.I.) and slightly longer than the 
diameter of the eye. The post-orbital distance (posterior edge of the eye to the 
cleithrum) is greater than the snout length. The bones of the head (not described 
here in any detail) are thin and the lobes of the brain are clearly visible through 
them. The jaws are well formed from an early stage (5_::6 mm n.1.) and in larvae 
from about 15 mm s.I. the maxilla reaches to the anterior third of the eye. 
A pair of nostrils, with a complex internal structure, is clearly visible in larval 
stages and becomes increasingly developed through to the juvenile stage. 
Flexion of the notochord occurs between 7,4 mm n.I. and 11,3 mm s.l. 
Fin development progresses fairly rapidly in the larvae from about 9,0 mm s.l., 
when the first rays appear in the dorsal fin fold followed by the first caudal rays 
at 10,5 mm s.I. and the first anal rays at 11,5 mm s.I. Prior to this only lepido-
tdchia were present in the unpaired fins and in the pectorals. The latter, however, 
do not advance beyond this condition, apart from an increase in size, until late 
in larval life. Subsequent development of the dorsal and anal fins proceeds 
apace until 16-17 rays are present in each fin prior to the commencement of 
metamorphosis of the larvae at 22 mm s.I. Additional rays ossify in the anterior 
regions of these fins during metamorphosis so that the full complement of 
dorsal rays (18-20) is reached by 26 mm s.I. and the anal is complete with 
18-20 rays by 29 mm s.I. The last dorsal and anal rays are double froth about 
19 mm s.I., and, in addition, the second last anal ray is very deeply branched 
(almost from its base). The last two anal rays are slightly elongated and form a 
'finlet' which is characteristic of Sardinops (Svetov.idov 1952: 189). OssificatiOn 
of the caudal rays which commenced at 10,5 mm s.I. progresses rapidly so 
that by 13,0 mm s.l. 13-15 rays are visible, although not completely developed. 
At this stage the ventral part of the caudal fin is more advanced than the dorsal 
part. By 18,1 mm s.l. (Fig. 4B) all 19 primary caudal rays are formed, and some 
of them are slightly branched. Some secondary rays are also present. By 20,0 mm 
s.I. the branching of the 17 inner primary caudal rays is appreciable and from 
23,0 mm s.I. the caudal fin rapidly assumes its deeply forked shape (Fig. 5A). 
The pelvic fin appears as a small bud at 18,0 mm s.I. and its first rays start to 
develop at 22-23 mm s.I. The pelvic fin with its full complement of 8 rays, -of 
which all except the anterior ones are branched, is fully formed by 26,0 mm s.I. 
The pectoral fin, in which lepidotrichia formed at a very early stage, is the last 
of the fins to complete development. The fin rays form only from 23,0 mm s.l., 
although these are then laid down rapidly so that 15-16 are present by 29 mm 
s.L and the full complement of 18 rays is reached by 33 mm s.l. Details of fin 
ray development in the paired and unpaired fins are given in Table 1. 
As is evident from Figure 4A-C little change occurs in the general appear-
ance of the larvae after the end of the yolk-sac stage until 20-22 mm s.I., apart 
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TABLE 1 
Development of fin rays in S. ocellata larvae between 8 mm and 33 mm standard length 
Size range Mean Dorsal Anal Pectoral ·Pelvic 
(mm) (mm) No. rays rays Caudal rays rays rays 
8,0- 8,9 8,90 1 5-6 t t t 
9,0- 9,9 9,55 2 9 t t t 
10,0-10,9 10,40 4 9-12 0- 4 t t 
11,0-11,9 11,65 6 10-14 5- 8 5~ 9 t 
12,0-12,9 12,53 7 10-14 7- 9 12-15 t 
13,0-13,9 13,45 22 11-16 8-10 13-15 t -
14,0-14,9 14,41 12 12-16 10-13 15-17 t 
15,0-15,9 15,61 9 13-16 U.:--15 16-18 t 
16,0-16,9 16,18 1 15 13 18 t 
17,0-17,9 17,50 2 15 14-16 18-19 t 
18,0-18,9 18,51 9 15-16 15-17 t+ 19 +t t bud 
19,0-19,9 19,53 15 15-17 15-17 1+ 19 +t t bud 
20,0-20,9 20,27 8 16---17 15-17 2+ 19 +1 t bud 
21,0-21,9 21,60 3 16---17 15-17 2+ 19 +1 t bud 
22,0-22,9 0 
23,0-23,9 23,41 3 17-18 17 3+ 19 +2 3-5 4-5 
24,0-24,9 24,70 3 18 17 5+ 19 +4 6---8 6-7 
25,0-25,9 25,06 1 18 17 5+ 19 +4 7 7 
26,0-26,9 26,29 2 18-20 17-18 6+ 19 +5 10-12 8 
27,0-27,9 27,27 1 19 17 6+ 19 +5 11 8 
28,0-28,9 28,58 1 20 17 7+ 19 +5 15 8 
29,0-29,9 29,59 3 19-20 18-20 8+ 19 +7 15-16 8 
30,0-30,9 30,97 1 20 18 8+ 19 +7 17 8 
31,0-31,9 31,33 2 19-20 19-20. 8+ 19 +7 17 8 
32,0-32,9 0 
33,0-33,9 33,67 2 18-19 19-20 8+ 19 +7 18 8 
t indicates Iepidofriclil~ 'present, but no rays. 
Caucjal fin counts'/froin'lS·mm s.I. are preceded and followed by additionalcounts; these 
indicate the number of secondary caudal rays on the dorsal and ventral parts of the caudal fin 
respectively. 
from the fin developnl'ent described above. The dorsal and anal fins are situated 
far posteriorly on the long slender larvae. The origin of the dorsal fin occurs 
above the 29th myotome when thickening first appears in the dorsal fin fold, 
but lies over myotomes 23-26 once the dorsal fin nears completion, since the 
anterior rays are the last to develop. The anal fin origin lies below 39-41 in 
very young larvae and below myotomes 36-38 in older larvae. The end of the 
dorsal fin and origin of the anal fin are separated by 6-8 myotomes. At the time 
when the pelvic fin first forms it occupies a position corresponding to the 15th, 
16th or 17th myotome, and is situated well in front of the origin of the dorsal 
fin. The pelvic fin and the origin of the dorsal fin are separated by 8-10 myo-
tomes prior to metamorphosis. 
The pattern of pigmentation of the larvae shows little change during 
larval ·development and remains basically that attained at the end of the yolk-
sac stage. However, there is an increase in the number of melanophores con-
tributing to this pattern. The 6-7 pairs of elongate melanophores along the 
ventral edge of the rriyotomes, adjacent to the anterior half of the gut increase 
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to 9-11 pairs at 11 mm s.I. and become even more numerous, but less elongate, 
at the end of the larval stage (Fig. 4C). There is a similar increase in the number 
of mid-ventral melanophores on the posterior half of the gut and the number 
of embedded melanophores above the posterior half of the gut increases to 
IO pairs at 11 mm s.l. and there are as many as 17 pairs of these melanophores 
at 23 mm s.I. with additional smaller melanophores scattered in between them. 
Moreover, at the end of the larval stage, there is some pigmentation of the 
caudal fin. This comprises melanophores formed along the edges of the rays 
and arranged to form transverse rows, parallel to the outline of the caudal 
fin (Fig. 4C). A few melanophores also develop on the proximal radials of the 
dorsal fin base. From 17-18 mm s.I. a few isolated melanophores appear mid-
laterally along the body and these gradually become more numerous. From the 
time the pelvic rays commence development there is usually a single large 
melanophore just anterior to the base of the pelvic fin. 
METAMORPHIC STAGE LARVAE (Fig. 5A) 
From 22 mm s.I. the larvae of S. ocellata undergo marked changes in body 
proportions and pigmentation, which result in larvae of 22-32 mm s.I. being 
termed metamorphic stage larvae. The various body proportions which were 
studied for the complete developmental series are illustrated in Figures 6-10. 
These graphs show that the body proportions all remain constant relative to 
standard length until the larvae attain the size of 22 mm s.I., at which stage 
changes in body depth, head length and in the position of the dorsal, anal and 
pelvic fins commence. Some of these characters show further changes at 33-36 
mm s.l., thus indicating the final transition to the juvenile condition. 
The onset of metamorphosis is indicated by changes in head growth and 
body depth and in the commencement of the ventral growth of the myotomes. 
During the larval stage the head length increases constantly in relation to the 
standard length. At the start of metamorphosis, however, the rate of increase 
of the head length accelerates (Fig. 6). The increase in body depth (measured 
as depth at the pectoral base) follows the pattern of change in head growth but 
to a more marked degree (Fig. 7). In addition to this overall increase in body 
depth in larvae of more than 22 mm s.l., it may be seen from .Figure 4C that 
the myotomes at this stage start to grow ventrally so that they begin to cover 
the gut. At 23 mm s.l. the myotomes merely obscure the dorsal edge of the gut, 
but their expansion becomes more marked, first over the anterior half of the 
gut and later extending also over the posterior half of the gut, so that by 29,5 mm 
s.I. ·the gut is almost entirely covered by myotome tissue, except for a small 
area close to the antis. At this stage, however, they have not yet fused ventrally. 
In larvae of 30-31 mm s.I. most myotomes anterior to the pelvic fins are fused 
mid-ventrally and the first two or three scutes have developed in the most 
anterior mid-ventral region. 
· In common with the development of other clupeids, ·one of the most 
marked features of metamorphosis in S. ocellata is the alteration in the position 
Fig. 5. A. Metamorphic stage larva showing alteration in fin pqsitions. B. Early juvenile stage with fin migration complete and a considerable 
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of the dorsal and anal fins which occurs during this stage. Instead of the steady 
rate of increase shown in the distances from cleithrum to dorsal fin and cleithrum 
to anal fin (Figs 8-9) during the larval stage, metamorphic stage larvae show a 
slight decrease in cleithrum to dorsal fin distance and only a very slight con-
tinued increase in cleithrum to anal fin distance. These changes in the pattern 
of growth occur in larvae of 24-33 mm s.l. They can be attributed to the anterior 
migration of the dorsal and anal fins, relative to myotomes and vertebrae. Most 
authors (Lebour 1921; Ford 1930; Ahlstrom 1943, 1968) documented fin 
migration relative to vertebrae, but others (Schnakenbeck 1929; Baker 1972) 
used myotomes. Attempts to stain vertebrae in specimens 18-20 mm s.l. were 
not satisfactory as the most anterior vertebrae did not take up the alizarin dye, 
although older stages stained satisfactorily. This precluded the determination. 
of fin position relative to vertebrae in pre-metamorphic larvae. For this reason 
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Fig. 6. Graph of increase in head length with increase in standard length. Note acceleration 
6f head growth from 22 mm s.l. 
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Fig .. 8. ·Graph of distance from cleithrum .to dorsal fin versus standard· length, showing -a 
decrease during the phase of anterior migration of the dorsal fin. 
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out development. However, to permit comparison of fin migration in S. ocellata 
with that which occurs in other species of Sardinops, fin positions relative to 
vertebrae in late larval and metamorphic stages are given in Table 2. Some 
differences in counts (usually of 1-3) are evident between the two methods and 
these differences can be attributed to two factors. Firstly, only complete myo-
tomes posterior to the cleithrum were counted and this omits 1-2 incomplete 
myotomes at the anterior region of the body. Secondly, vertebral counts were 
taken at. positions vertically below or above the fins concerned, but myotome 
counts at dorsal and ventral edges adjacent to the fin origins. The <-shape of 
the myotomes makes a further difference of 1-2 in the counts as the anterior 
region of the myotome corresponds to a vertebral centrum 1-2 centra anterior 
to the one below the posterior part of the myotome. (This difference is slightly 
greater in older specimens, e.g. 38,58 mm juvenile.) However, as the two methods 
reflect similar changes during metamorphofr, myotome counts can be accepted 
as a reliable method of documenting fin migration. 
TABLE 2 
Fin position relative to myotome (M) and vertebral (V) counts 
in late larval and metamorphic stages of S. ocellata. 
Standard 
Length Dorsal Fin Anal Fin Pelvic Fin 
(mm) M v M v M v 
18,80 25 38 
19,00 24 37 
19,22 25 38 17 
19,63 24 26 37 39 16 18 
19,71 24 37 15 
19,87 25 26 37 39 15 17 
19,96 24 36 15 
20,54 24 38 16 
20,70 23 38 15 
21,68 22 24 36 38 15 17 
23,16 23 25 36 38 16 18 
24,64 22 24 36 38 16 17 
24,64 22 24 36 38 15 17 
24,81 23 26 36 39 16 18 
25,06 21 25 35 38 15 17 
26,29 21 24 35 37 16 17 
26,29 21 23 35 37 16 17 
28,58 19 22 34 36 16 18 
29,56 19 22 33 36 17 18 
29,56 13 15 33 36 16 18 
29,64 19 22 33 36 17 18 
30,97 17 19 33 36 15 17 
31,20 14 17 31 34 16 19 
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As is evident from Figure 11 the number of myotomes preceding the dorsal 
fin (open triangles) is 22-25 in larvae of 20-23 mm s.L, but from 24 mm s.l. the 
number decreases sharply due to the forward migration of the fin. This con-
tinues until the fin reaches the position of myotomes 10-13 at 33-35 mm s.l. 
Migration of the dorsal fin ceases at this size, having covered the extent of 10-12 
myotomes. Migration of the anal fin (Fig. 11-closed triangles) is not as exten-
sive as that of the dorsal fin, but nevertheless is quite considerable. The origin 
of the anal fin shifts from the position of myotomes 36-38 at 20-25 mm s.I., 
to reach myotome 31 at 31-33 mm s.l.;--thus involving a shift over 5-7 myo-
tomes. At the end of migration the end of the dorsal fin and the origin of the 
anal fin are separated by five myotomes. Once the larvae ·attain the size of 
33-35 mm s.I. the increases in the distances from cleithrum to dorsal fin and 
cleithrum to anal fin resume their pre-metamorphic rates (Figs 8-9). This can 
be regarded as an indication of the end of the metamorphic stage and the attain-
ment of the juvenile stage. 
During metamorphosis the rate of increase in distance from cleithrum to 
pelvic fin diminishes for a short growth interval (23-26 mm s.1.) (Fig. JO). This 
cannot be explained by any forward shift in pelvic fin position relative to myo-
tomes as the fin retains its position at myotomes 15-17 (or vertebrae 17-18) 
as in the late larval stages when the pelvic bud first appeared. However, later 
in development the pelvic fin shifts posteriorly relative to vertebrae (but not 
relative to myotomes) and comes to lie vertically below vertebrae 19-20. With 
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Fig. 11. Graph of the number of myotomes from cleithrum to anal fin (closed triangles) and 
cleithrum to dorsal fin (open triangles) indicating the anterior migration of the fins from 
23 mm s.l. The gradual decrease in number of myotomes to 23 mm sil. is due to development 
of additional fin rays; 
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another alter and instead of the pelvic fin lying anterior to the dorsal origin, 
it lies vertically below the dorsal origin at 27-29 mm s.I. and by 32-33 mm s.I. 
the pelvic origin corresponds to a position below the middle of the base of the 
dorsal fin as is the case in adults of the species. 
Throughout the larval stage both pectoral and pelvic fins lack ossified 
rays. Ossification of rays in the paired fins commences in larvae over 22 mm s.I., 
i.e. at the onset of the metamorphic stage. By the time the juvenile stage is 
reached fin ray development is complete in paired and unpaired fins (Table 1). 
Pigmentation also changes quite markedly during the metamorphic stage. 
With the ventral growth of the myotomes, much of the larval pigment pattern 
near the gut is obliterated or lost. It is replaced by pigment spots which form 
beneath the myotomes, along the dorsal surface of the gut(? on the peritoneum) 
and which are partially visible through the myotomes. The melanophores which 
first appeared in larvae of 17-18 mm s.I. along the mid-lateral sides of the body, 
become far more numerous, especially from 25-26 mm s.I., so that the larvae 
develop a fairly dark mid-lateral band of pigment (Fig. 5A). Furthermore, a 
large number of melanophores appears along the dorsal surface of the body. 
These are stellate melanophores and are arranged in lines which follow closely 
the edges of the myotomes, with a few melanophores scattered in between. 
In spite of the appearance of this quite considerable amount of pigment on the 
dorsal surface of the body, which might be considered an approach towards 
the adult coloration, larvae of 30-32 mm s.I. are still predominantly pale, as 
were the earlier larvae. Pigmentation on the head also increases, particularly 
on the dorsal surface of the head, in the region of the parietals, and there are 
scattered melanophores on the opercular and circumorbital bones. 
Scale development commences towards the end of the metamorphic stage. 
Since few specimens of 30-45 mm s.I. were available from the main study area, 
the material was supplemented with specimens of that size range used in the 
study by Davies (I 954) and the 1950-67 egg and larval survey in Cape waters 
(Haigh 1972: 49, 66, fig. 9). Scales are first formed at 30 mm s.l. These develop 
on the caudal peduncle and are arranged in an anteriorly pointing 'V' pattern. 
The scale-covered area enlarges rapidly so that it reaches the area above the 
anal fin by 31,5 mm s.I. and by 33 mm s.l. all of the body posterior to the mid-
region of the dorsal fin base is covered. By 36 mm s.l. scale cover reaches 
anteriorly to the cleithrum, but anterior to the dorsal fin the scales do not 
overlap. Scale development is completed early in the juvenile stage. 
JUVENILE STAGE (Fig. 5B) 
The juvenile stage is that in which the metamorphic changes are complete 
and the young fish resembles the adult. As can be seen from Figure 5B the 
juvenile fish resembles the adult in shape; in addition to the pigment which 
appeared during metamorphosis, the dorsal part of the body is covered with 
small closely arranged melanophores, which give the fish the dark dorsal and 
light ventral appearance of the adult; the head is extensively pigmented, and 
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on the opercular bones the radial ridges are clearly visible; the entire body is 
covered with scales and ventral scutes are present anterior to and behind the 
pelvic fins; the last two anal rays are distinctly longer than the more anterior 
rays, and the pelvic and pectoral fins are well developed. 
As juvenile development proceeds pigmentation on the dorsal area of the 
body increases further, and silvery pigment develops on the lateral and ventral 
parts of the body from about 37 mm s.I. and the row of dark pigment spots 
which is characteristic of adult pigmentation forms from 45 mm s.I. 
DISCUSSION 
In yolk-sac and larval stages of development Sardinops oce/lata follows 
closely the pattern of development described for S. caerulea (Miller 1952), 
S. neopilchardus (Baker 1972) and S. melanosticta (Uchida 1958). However, 
it is evident that some differences do occur in the development of these species, 
during the later phases of larval life. These differences are in the number of 
myotomes or vertebrae over which the firis migrate and also the relative sizes 
at which the changes occur. These differences are summarized in Table 3. 
TABLE 3 
Comparison of late stages of development in species of Sardinops 
ocellata caerulea neopilchardus melanosticta 
(Ahlstrom (Baker (Uchida 
1968) 1972) 1958*) 
Posterior migration of pelvic fins 2 vertebrae 3 vertebrae 5 myotomes ? 
Final position of pelvic fins 18-20th 22nd 22nd 
vertebrae vertebra myotome ? 
Anterior migration of dorsal fin 10-12 10 10-12 
myotomes vertebrae myotomes ? 
Final position of dorsal fin I0-13th 18th 14-16th 
myotomes vertebra myotomes ? 
Metamorphic stage 22-32 mm 25-40 mm 25-35 mm ? 30-40 mm 
s.l. s.I. s.I. s.I. 
Juvenile 33 mm s.1. 40 mm s.I. 35 mm s.I. ? 42 mm s.l. 
*Text in Japanese, information from figures and legends only. 
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6. ,SYSTEMATIC papers must conform with the International code of zoological nomenclature 
(particularly Articles 22 and 51). 
Names of new taxa, combinations, synonyms, etc.; when used for the first time, must be 
followed by the appropriate Latin (not English) abbreviation, e.g. gen. nov., sp. nov., comb. 
nov., syn. nov., etc. 
An author's name when cited must follow the name of the taxon without intervening 
punctuation and not be abbreviated; if the year is added, a comma must separate author's 
name and year. The author's name (and date, if cited) must be placed in parentheses if a 
species or subspecies is transferred from its original genus. The name of a subsequent user of 
a scientific name must be separated from the scientific name by a colon. 
Synonymy arrangement should be according to chronology of names, i.e. all published 
scientific names by which the species previously has been designated are listed in chronological 
order, with all references to that name following in chronological order, e.g.: 
Family Nuculanidae 
Nucu/ana (Lembulus) bicuspidata (Gould, 1845) 
Nucu/a (Leda) bicuspidata Gould, 1845: 37. 
Leda plicifera A. Adams, 1856: 50. 
Figs 14-15A 
Laeda bicuspidata Hanley, 1859: 118, pl. 228 (fig. 73). Sowerby, 1871: pl. 2 (figs 8a-b). 
Nucu/a /argillierti Philippi, 1861: 87. · 
Leda bicuspidata: Nickles, 1950: 163, fig. 301; 1955: 110. Barnard, 1964: 234, figs 8-9. 
Note punctuation in the above example: 
comma separates .author's name and year 
semicolon separates more than one reference by the same .author 
full stop separates references by different authors 
figures of plates are enclosed in parentheses to distinguish them from text-figures 
dash, not comma, separates consecutive numbers 
Synonymy arrangement according to chronology of bibliographic references, whereby 
the year is placed in front of each entry, and the synonym repeated in full for each entry, is 
not acceptable. 
In describing new species, one specimen must be designated as the holotype; other speci-
mens mentioned in the original description are to be designated paratypes; additional material 
not regarded as paratypes should be listed separately. The complete data (registration number, 
depository, description of specimen, locality, collector, date) of the holotype and paratypes 
must be recorded, e.g. : 
Ho/otype 
SAM-Al3535 in the South African Museum, Cape Town. Adult female from mid-tide region, King's Beach, 
. Port Elizabeth (33°51'S 25°39'E), collected by A. Smith, 15 January 1973. 
Note standard form of writing South African Museum registration numbers and date. 
7. SPECIAL HOUSE RULES 
Capital initial letters 
(a) The Figures, Maps and Tables of the paper when referred to in the text 
e.g. ' ... the Figure depicting C. namacolus . . .'; '. .. in C. naniacolus (Fig. 10) .. .' 
(b) The prefixes of prefixed surnames in all languages, when used in the text, if not preceded 
by initials or full names 
e.g. Du Toit but A. L. du Toit; · Von Huene but F. von Huene 
(c) Scientific names, but not their vernacular derivatives 
e.g. Therocephalia, but therocephalian 
Punctuation should be loose, omitting all not strictly necessary 
Reference to the author should be expressed in the third person 
Roman numerals should be converted to arabic, except when forming part of the title of a 
book. or article, such as 
'Revision of the Crustacea. Part VIII. The Amphipoda.' 
Specific name must not stand alone, but be preceded by the generic name or its abbreviation 
to initial capital letter, provided the same generic name is used consecutively. 
Name of new genus or species is not to be included in the title: it should be included in the 
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ABSTRACT: Lampanyctodes hectoris is a species of lanternfish which is becoming an 
important part of the pelagic fishery off South Africa. The Southwest Africa Pelagic Egg 
and Larval Survey bas provided an abundance of larval specimens of this species. The larvae, 
transitional and early juvenile stages are described and illustrated fo.r the first time and 
information on their distribution and relative abundance is provicjed. Larval characters are 
used in combination with selected adult characters to elucidate the phylogenetic affinities of 
this genus. 
Lanternfishes of the family Myctophidae are the 
most ubiquitous and speciose (approximately 250 
species in 30 genera) of all fishes in the oceanic 
mid-waters. Although their total biomass is un-
known, the fact. that lanternfishes, on the average, 
make up approximately one-half of all fish larvae 
taken in any oceanic plankton tow gives some 
impression of its immensity. Although they are 
small fishes, usually less than 100 mm in length, 
they may have the greatest biomass of any verte-
brate family. Knowledge of their ecological role 
in the world ocean is poor, but initial studies sug-
gest that these fishes are a major element in the 
oceanic food web. Among the commercially im-
portant organisms known to prey on lanternfishes 
are salmon (Shimada, 1948; Manzer, 1968) , tunas 
(Alverson, 1963; Pinkas et al., 1971), rockfish 
(Pereyra et al., 1969), fur seals (Mead and 
Taylor, 1953) and cetaceans (Fitch and Brownell, 
i968). Recent studies (Paxton, 1967; Holton, 
1969; Legand and Rivaton, 1969; Collard, 1970; 
Baird et al., 1975) indicate that lanternfishes are 
important grazers on herbivorous zooplankton. 
Historically, Ianternfishes have not been com-
mercially exploited because of their small size and 
relatively diffuse distribution in the water column. 
A growing body of observations indicates that 
some species of Ianternfishes aggregate in large 
numbers at certain times during their life cycles 
and, at such times, may be available to a fishery. 
There have be~n several well-documented obser-
vations of Ianterrifish swarming at the surface in 
when they are observed (Alverson, 1961). Sim-
ilar swarms of Diaphus garmani were reported at 
night in the central Pacific (Nakamura, 1970). 
Lanternfishes also aggregate in extensive shoals. 
Observations from submarines indicate that some 
species of lanternfishes, such as Ceratoscopelus 
maderensis (Backus et al., 1968) and Benthosema 
panamense (Barh~m, 1971), form extensive ag-
gregations in slope waters. G. Krefft (Institut fi.ir 
Seefischerei, Hamburg, pers. comm.) has achieved 
catch rates of 114 metric tons/hour of Diaphus 
dumerili with a commercial herring trawl off 
Buenos Aires. It is well known that mycto-
phids are often a 111ajor element in deep scattering 
layers of the ocean (Barham, 1966; Pearcy and 
Mesecar, 1971). Additional knowledge of these 
phenomena may lead to the commercial harvest-
ing of lanternfishes. 
Recently a fortuitous fishery for the lantern-
fish Lampanyctodes hectoris has developed inci-
dental to the anchovy I pilchard fishery off the 
western coast of South Africa (Centurier-Harris, 
1974). Annual landings of lanternfishes (mostly 
L. hectoris) were 1,134 metric tons or 0.3 percent 
of the pelagic fishery catch in this region in 1969 
and increased to 42,560 metric tons or 10.45 per-
cent of the catch in 1973. The location of the 
fishery is shown ili figure 1. This species is par-
ticularly desirable because of its high content (20 
percent by weight) of fine quality oil. . 
dense "balls." Benthosema panamense exhibits 1 National Oceanic aµd Atmospheric Administration, 
this behavior during daylight in the eastern Pacific National Marine Fisheries Service, Southwest Fisheries 
Center, La Jolla, California 92038. 
and tuna boat skippers report that yellowfin and 2 Sea Fisheries Branch, Beach Road, Sea Point, 
skipjack tuna feed exclusively on ·these swarms Cape Town, South Africa. 
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Figure 1. Region of the fishery for Lampanyctodes 
hectoris off South Africa (from Centurier-Harris, 
1974). 
Little is known about the life history of this 
important species of lanternfish. However, an 
extensive plankton survey, the Southwest African 
Pelagic Egg and Larval Survey (SWAPELS), was 
initiated by the Sea Fisheries Branch in 1972 
(O'Toole, 1974). Although the data from this 
survey are not completely analyzed, some informa-
tion on the distribution and relative abundance of 
L. hectoris larvae will be presented in this paper, 
the principal purpose of which is to describe the 
larval, transitional, and early juven1le stages of 
L. hectoris. Previously, Moser and Ahlstrom 
(1972) illustrated a 9.2 mm larva of L. hectoris 
and gave a partial description of the sequence of 
photophore formation based on the few specimens 
available. Examination of the abllndant larval 
specimens from SW APELS has shown that Moser 
and Ahlstrom (1972) were in error and that their 
9.2 mm larva was Lampadena sp. 'the larvae of 
Lampanyctodes hectoris have a unique generic 
morph, a concept discussed extensifoly by Moser 
and Ahlstrom (1970, 1972, 1974). A number of 
larval characters give insight into thy relationships 
of this genus with other myctophid genera and 
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Figure 2. Station plan for Southwest African Pelagic 
Egg and Larval Survey (SWAPELS) .. 
METHODS 
Specimens for the developmental part of this 
study were obtained from two plankton surveys· of 
SWAP ELS (Fig. 2). Survey 1 was carried out 
from August 1972 to March 1973 and Survey 2 
from August 1973 to April 1974. The net used 
on both surveys was a 57 cm bongo net; 0.940 
mm· and 0.940 mm mesh were paired on Survey 1 
and 0.940 mm was used on the left unit and 0.500 
mm on the right on Survey 2. Oblique tows were 
made to a depth of 50 m at all stations except 
where the bottom was shallower than 50 m. 
Techniques used for describing the development 
of L. hectoris are outlined in Moser and Ahlstrom 
( 1970). 
Lampanyctodes hectoris (Gunther) 
Figures 3 and 4 
Literature.-The illustration of the 9.2 mm larva 
of Lampanyctodes hectoris and the remar)\s . on 
photophore formation in that species in Moser and 
Ahlstrom (1972) are in.error and refer to a larva 
of Lampadena ~p. There are no illustratio~s or 
descriptions of L. hectoris larvae in the literature. 
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Figure 3. Larvae of Lampanyctodes hectoris. A. 3.8 mm; B. 5.0 mm; C. 5.0 mm, ventral view; D. 6.8 mm; E. 
8.7 mm. 




Figure 4. Developmental stages of Lampanyctodes hectoris. A. 11.7 mm larva; B. 13.0 mm larva; C. 13.0 mm 
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TABLE 2. Meristics from cleared and stained larvae of Lampanyctodes hectoris. 
Procurrent 


























































fin rays elements 





























































































































































































144 BULLETIN SOUTHERN CALIFORNIA ACADEMY OF SCIENCES VOLUME 75 
Diagnostic f eatures.-As for other species of 
lanternfishes, the pelagic eggs of L. hectoris are 
not known. The smallest larvae in our collection 
were 3.8 mm. Larvae obtain a moderate size in 
comparison with those of related genera. The 
largest larva in our collection is 14.4 mm and the 
sma1lest juvenile is 14.2 mm SL. A 14.9 mm 
specimen is undergoing transformation. Larvae of 
L. hectoris have a unique sequence of photophore 
development, beginning with the Br2 in 6 mm 
larvae and followed by the Vn in 7 mm larvae, 
the P05 in 8 mm larvae, and the PLO and P01 in 
11 mm larvae. Although several other genera de-
velop this same complement of early-forming 
photophores, as explained in detail in a later 
section, none develops them in this sequence. 
Small larvae which have not developed photo-
phores may be identified by their pattern of 
melanophores, the most characteristic of which 
are a persistent series of four to eight ventral tail 
melanophores, two melanophores in the foregut 
region, a bilateral pair at the divergence of the 
terminal region of the gut, a series of embedded 
spots above the mid-gut, and a melanistic shield 
above the developing gas bladder. In mid- and 
late-stage larvae, a bilateral series of melanophores 
develops on the posterior dorsum. 
Morphology.-Larvae of L. hectoris have no 
striking morphological features. Body depth in-
creases from a mean of 14 percent of the body 
length in preflexion larvae, to 18 percent in larvae 
undergoing flexion, to 22 percent in postflexion 
larvae and 23 percent in newly transformed juve-
niles (Table 1). Snout-anus length averages 50 
percent of the body length in preflexion larvae, 
58 percent during flexion and 60 percent in later 
developmental stages. Head size is moderate; 
relative head length increases gradually from a 
mean of 21 percent of body length in preflexion 
larvae to 25 percent during flexion, 27 percent in 
postflexion larvae and 31 percent in early juve-
niles. Relative head width decreases gradually 
during development; it averages 62, 58, and 54 
percent of the head length for the three major 
larval ·stages and 49 percent in early juveniles. 
Snout length is moderate, averaging 24 percent of 
the head length over the entire larval period and 
shortens to 19 percent in early juveniles. The eye 
is moderately large; eye length averages 36 per-
cent of the head length in larvae up to the com-
pletiop. of notochord flexion, is reduced to a mean 
of 33 percent in postflexion larvae and further to 
27 percent in early juveniles; The eye is slightly 
elliptical in preflexion larvae; eye width averages 
82 percent of eye length, but this increases to a 
mean of 89 percent in later larval stages and the 
eyes of early juveniles are round. There is a sliver 
of ventral choroid tissue that appears in larvae 
between 5.0 and 9.0 mm. It reaches a maximum 
relative depth of 8 percent of the eye length and 
is only slightly paler in color than the eye itself. 
Ossification of some important larval features 
is as follows. Vertebrae begin to ossify at about 
11.1 mm length and the full complement of 3 6 to 
37 is ossifying in larvae 12.3 mm and larger. 
Branchiostegal rays begin to ossify in 7 mm larvae, 
but, the full complement of 11 as listed by Paxton 
( 1972) is not achieved in larvae nor in the earliest 
juveniles. 
The maxillary is ossifying in larvae as small as 
3.9 mm but develops no teeth. The dentary is 
ossifying and bearing teeth by 5.9 mm, as is the 
premaxillary. Teeth are uniserial on the pre-
maxillary with the anterior five or six teeth larger 
than the remainder; as many as 20 conical, usually 
straight teeth form on late-stage larvae. On the 
posterior two-thirds of each dentary bone a series 
of six to eight conspicuous hooked teeth form 
early in the larval period. The hooked part of each 
tooth projects anteriad at almost right angles to 
the base of the tooth. They persist to transforma-
tion. The dentary teeth anterior to these, and 
later between and posterior to the hooked teeth, 
are conical, straight and uniserial anteriorly. Late-
stage larvae have more than 30 such dentary 
teeth. The hooked and uniserial teeth present on 
the jaws of larvae are shed or resorbed and re-
placed by the wide bands of numerous small teeth 
at transformation. 
Fin formation.-A pectoral fin with differenti-
ated base and blade is present in our smallest 
larvae (3.8 mm). The base remains small and 
inconspicuous throughout the larval period as 
does the blade, which has a rounded posterior 
margin. At transformation the pectorals extend 
posteriad to the origin of the pelvics. Rays begin 
to ossify in 7 mm larvae in a dorsal to ventral 
sequence and the full complement of 13 to 14 is 
present in larvae ~s small as 11.8 mm (Table 2). 
The anlage of the caudal fin is present in larvae 
as small as 5.0 mm. The principal caudal rays 
begin to ossify in 7 mm larvae and the full comple-
ment of 10+9 rays is ossifying in a 7.7 mm 
specimen. Procurrent caudal rays also begin to 
ossify in 7 mm larvae and the full complement of 8 
to 10 superior and 9 to 11 inferior rays is ossifying 
in 12 mm larvae. The hypural elements begin to 
ossify in 8 mm larvae and the full complement of 
four superior and three inferior elements is 
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ossifying in 9 mm larvae. Flexion of the noto-
chord begins when the larvae are about 6.5 mm 
long and is completed at about 8.0 mm length. 
The anal and dorsal fin bases begin to form dur-
ing notochord flexion. Anal fin rays are beginning 
to ossify in a 7.7 mm larva and dorsal rays are 
ossifying in an 8.7 mm larva. The full comple-
ments of 16 to 17 anal and 13 to 14 dorsal rays 
are ossifying in larvae 10.5 mm and larger. In 
both the anal and dorsal fins, the rays ossify poste-
riad and anteriad from the more central rays. In 
both fins the last ray to form is the short anterior-
most ray. 
Pelvic fin buds appear at about 6.2 mm length, 
but, the rays do not begin to ossify until the larvae 
reach about 9 mm. The full complement of 8 
pelvic rays is ossifying in larvae 11.8 mm and 
larger. 
Pigmentation.-Preflexion larvae (3.8 to ca. 6.0 
mm) have two pairs of pigment dashes developed 
on the gut. The anterior pair is on the foregut 
posterior to the cleithra, while the posterior pair 
is on the free terminal section of the gut. The 
most conspicuous pigment in preflexion larvae is 
the series of four to eight melanistic spots or 
dashes on the ventral midline of the tail. By the 
end of the preflexion stage, melanistic pigment is 
developing over the gas bladder. Also the anterior 
foregut spots have coalesced and moved forward 
and dorsad to form a pigment shield over the ante-
rior part of the liver. 
Flexion larvae (6.2 to ca. 7.5 mm) have essen-
tially the same pigment as in preflexion larvae. The 
ventral tail spots range from three to seven (mean 
of 4.4 for 27 specimens). The median ventral 
foregut pigment spot or patch is continuously 
present as are the paired patches or streaks of 
pigment on the free terminal section of the gut. 
Pigment above the gas bladder increases in 
amount, with sometimes a pair of internal pigment 
spots located between the gas bladder and the 
termination of the gut. 
A single pigment spot develops over the hind 
brain in some specimens; of the 27 specimens 
between 6.2 to 7.5 mm, only four had this head 
pigment spot. Two specimens in this size range, 
6.5 and 7.2 mm respectively, had a double row of 
small dorsal pigment spots (seven to eight spots 
per side) extending for most of the length of the 
tail portion of the body. 
In postflexion larvae (7.7 to 13.9 mm) the pig-
ment areas already described either persist or are 
more consistently present, and additional pigment 
develops on the head, back, and in the caudal 
region. The pigment over the gas bladder increases 
in extent and begins to spread laterally. Melanistic 
pigment is present on the cleithral margin forward 
of the pectoral base on most larvae 9.2 mm and 
larger. The ventral midline of pigment spots be-
comes imbedded and sometimes faint, but was 
absent on only four specimens. The number of 
pigment spots ranges between two and five (mean 
of 3 .6 spots on 43 specimens). The imbedded pig-
ment spot on the hind brain occurs on about % of 
the larvae between 7.7 and 8.7 mm, but thereafter 
is consistently present. By about 10 mm, two spots 
form over the cerebellum and are usually present 
on larvae larger than this. The double row of 
dorsal tail pigment spots is only sporadically 
present on larvae under 10.5 mm, but consistently 
present on larger larvae. The rows extend from 
about the termination of the dorsal fin, almost to 
the procurrent caudal rays; the usual count is seven 
or eight spots per side, but the range is from two 
to thirteen spots. Internal pigment forms over 
the hypurals, usually adjacent to the ural centrum; 
this pigment, first o]Jserved on a 7.7 mm specimen, 
is infrequently present on larvae under 10.5 mm. 
Pigment also forms at the hypural edge of the 
caudal fin. It was first observed on a 7.2 mm 
larva and was sporadically present until 10.5 mm. 
On older specimens this pigment becomes _almost 
continuous along the hypural edge. The 14.9 mm 
transforming specimen added a line of dorsal 
pigment spots to the nape and trunk; however, a 
14.2 mm juvenile had pigment over the entire 
body and the peritoneum was conspicuously black. 
Photophore development.-A number of photo-
phores form on larvae of Lampanyctodes prior 
to transformation. As is usual in myctophids, the 
Br2 pair is the first to form; it was consistently 
present on specimens 6.6 mm and larger. The 
Vn, the second pair to form, was first observed on 
a 7.5 mm specimen and was consistently present 
by 7.8 mm. The third pair, P05, was present by 
8.7 mm. A specimen 11.2 mm had two additional 
pairs, the PLO and P01 ; however, specimens 11.7 
and 11.8 mm had added only the PLO pair, indica-
tive that it forms somewhat sooner than the P01 • 
Specimens 12.0 mm and larger consistently had 
both these pairs. A 12. 7 mm specimen had three 
additional pairs faintly formed, the VLO, Op2 , and 
P02 ; however, none of these was present on a 13.7 
mm specimen, and only the VLO pair was present 
on a 13.8 mm and a 14.4 mm specimen. A trans-
forming specimen 14.9 mm long had the majority 
of photophores formed. The initial five pairs to 
form, the Br2, Vn, P05, PLO and P01 became con-
spicuous photophores soon after their formation. 
This was not the case for the three other pairs 
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Figure 5. Distribution and abundance of larvae of 
Larnpanyctodes hectoris on SWAPELS Survey 1 
(August 1972 to March 1973). Numbers represent 
cumulative standard haul totals. 
mentioned above which, at best, were but faintly 
developed on late~stage larvae prior to transforma-
tion. 
DISTRIBUTION 
Lampanyctodes hectoris is a neritic species associ-
ated with land masses in the vicinity of the sub-
tropical convergence. It is known from South 
Africa, New Zealand, Southern Australia, and 
Chile, but apparently does not occur in the western 
Atlantic off Argentina (McGinnis, 1974). Where 
it occurs, it is highly abundant, as demonstrated 
by the fishery off South Africa. It may occur in 
commercial abundance in other southern ocean 
areas. 
There are no available data on the distribution 
and abundance of the larvae in the area of the 
fishery off South Africa, but SW AP ELS provides 
larval data from an area just to the north of the 
fishery. Results from . the. two year survey show 
that larvae of the family -Myctophidae for.med 
9.75 per.cent of all the fish larvae taken and larvae 
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Figure 6. Distribution and abundance of larvae of 
Larnpanyctodes hectoris on SWAPELS Survey 2 
(August 1973 to April 1974). 
myctophid larvae. This species was widely distrib-
uted between latitudes 19° and 25° S (Figs. 5 
and 6). Larvae were found at distances of 8 to 112 
km from the coast but were most abundant in 
offshore waters especially between Mowe Point 
(20°20' S) and Cape Cross (22° S) and between 
Walvis Bay (23° S) and Hollams Bird Island 
(25° S). Approximately 93 percent of all larvae 
were taken during the months of August, Sep-
tember, October, and November of both years. 
Early larval stages (those less than 5.0 mm in 
length) were common from August to October, 
but were most abundant in the plankton in August 
particularly in the region west of Hollams Bird 
Island. Over 62 percent of all early larval stages 
were taken during this month. The larvae of 
L. hectoris were found at surface temperatures 
ranging from 13.9° to 21.5° C. However, over 
60 percent of all larvae occurred at mean surface 
temperatures of 14.0° to 15.5° C. 
SYSTEMATIC RELATIONSHIPS 
Although the photophores of L. hectoris were not 
mentioned in the original. description of the .species 
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(Gunther, 1876), Fraser-Brunner (1949) was well 
aware of the unique arrangement of the light 
organs and, accordingly, created the genus 
Lampanyctodes for this species. He noted the 
marked ventral placement of the two longitudinal 
series of photophores, a feature which he thought 
was more characteristic of the "primitive" mycto-
phine lanternfishes than of the lampanyctine 
genera to which it was obviously allied on the 
basis of morphological characters. He mentioned 
particularly the horizontal positioning of the two 
PVO photophores, an arrangement found only in 
the myctophine genera Protomyctophum, Dio-
genichthys, and Benthosema. His view of 
Lampanyctodes as a primitive lampanyctine genus 
is demonstrated by the statement, "this genus is 
clearly indicative of the form from which Lampa-
nyctus, Gymnoscopelus and their allies have been 
derived." He did not elaborate on the relationships 
of Lampanyctodes with other lampanyctine genera 
nor did he construct a higher classification for 
Janternfishes. 
It remained for Paxton ( 1972) to formally 
recognize the two subfamilies Myctophinae and 
Lampanyctinae and to construct a higher classifi-
cation that included six tribes, two in the Mycto-
phinae and four in the Lampanyctinae. In the 
latter subfamily he recognized the monotypic 
tribe Notolychnini, the tribe Lampanyctini con-
sisting of eight genera, Diaphini with two genera, 
and Gymnoscopelini with eight genera. Lampa-
nyctodes was important in his tribal arrangement 
as shown by his statement "the Diaphini and 
Gymnoscopelini are closely related, for the most 
primitive genus of each group, Lobianchia of the 
Diaphini and Lampanyctodes of the Gymno· 
scopelini, share a number of characters. Each 
form has widely ossified pubic plates, a relatively 
low number of ventral procurrent rays, well-
developed caudal glands, one or two elevated PO 
photophores, and an arched or elevated series of 
VO photophores .... " He viewed Lampanyctodes 
as an essentially intermediate form that branched 
from the main line of gymnoscopeline evolution 
soon after the divergence of this tribe from the 
Diaphini. 
Using the combination of larval and adult char-
acters, Moser and Ahlstrom (1972) proposed a 
phylogenetic scheme for the subfamily Lampa-
nyctinae that recognized the four tribes of Paxton 
( 1972) but differed in the placement of certain 
genera in the Lampanyctini and Gymnoscopelini. 
We,believe that the triad of genera, Bolinichthys, 
Ceratoscopelus and Lepidophanes belong in the 
Gymnoscopelini whereas Paxton placed them in 
the Lampanyctini. Also, we would include two 
other of Paxton's lampanyctine genera, Lampa-
dena and Taaningichthys, in the Gymnoscopelini. 
These form a triad with the recently described 
Dorsadena. Our conception of tribal and generic 
relationships in the subfamily Lampanyctinae 
based on a combination of larval and adult char-
acters is shown in the dendrogram (Fig. 7). 
Essentially the tribe Gymnoscopelini consists of 
the two above mentioned triads, the triad of 
Lampichthys, Notoscopelus and Scopelopsis, the 
well differentiated genus Gymnoscopelus and two 
monotypic isolated genera, H intonia and Lampa-
nyctodes. Based on. Paxton's adult characters, and 
the larval characters given below and in Moser 
and Ahlstrom (1972), the genus Gymnoscopelus 
is closest to the Diaphini and in a direct line from 
the original tribal split. We have not yet identified 
the larvae of Hintonia and accept the view of 
Paxton that the genus has no distinct relationship 
to any member of the tribe and that ·this form 
split off early from the ancestral stock. 
The genus Lampanyctodes is the most problem-
atic and, phylogenetically, the most intriguing 
genus in the tribe. Its photophore arrangement is 
so unusual that it warrants a brief review. All 
photophores are relatively low on the body, in-
cluding the PLO, VLO, 3rd SAO, POL and 
terminal Pre, all of which are well below the 
lateral line. Both a Dn and Vn pair of eye photo-
phores are formed, although the Dn develops quite 
late. This feature is shared with Lampichthys, 
Scopelopsis, Notoscopelus, Hintonia, Diaphus 
(usually) and Gymnoscopelus among the Lampa-
nyctinae and with most genera of Myctophinae. 
Of particular interest is the horizontal arrange-
ment of the two PVO photophores, an arrange-
ment not found in any other genus of the Lampa-
nyctinae·, but present in three myctophine genera, 
as previously noted. 
Although Lampanyctodes has the usual ·number 
of PO photophores, five, it is unique in having the 
P03 elevated rather than the P04 . Lampanyctodes 
also has the usual number of VO photophores for 
Lampanyctinae, five, but has the series evenly 
arched, an unusual arrangement also found in 
some Lampanyctus. None of the AO series is 
elevated, the usual arrangement in most kinds of 
Ianternfishes. The presence of a single POL is 
shared with all genera of Myctophinae except 
Hygophum, and with a half dozen genera of 
Lampanyctinae (Diaphus, Lobianchia, Taaning-
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Figure 7. Dendrogram showing the generic relationships arid tribal division of the subfamily Lampanyctinae 
based .on a combination of larval and adult characters. 
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TABLE 3. Size at formation and sequence of early forming photophores for 10 genera of Lampanyctinae. 
Size at· 
transformation 
(mm) Br2 Vn P05 PLO P01 
Lampanyctodes 
hectoris 14-15 6.6 (1) 7.8 (2) 8.7 (3) 11.7 (4) Ca ·12.0 (5) 
·ceratoscopelus "" 
townsendi 16.5-18 7.0 (1) 7.8 (2) 9.0 (4) 8.7 (3) 
Lepidophanes 
guentheri < 9.5 < 9.5 < 9.5 < 9.5 
Notoscopelus 
resplendens 19-21 4.2 (1) 9.2 (3) 6.2 (2) Ca 15.0 (4) 
Lampichthys. 
rectangularis 19-21 < 7.0 (1) 9.8 (3) 8.4 (2) Ca 16.0 (4) 16.4 (5) 
Lainpadena 
urophaos 17-21 6.2 (1) 13.4 (4-5) 9.8 (3) 7.3 (2) 13.4 (4-5) 
·Scopelopsis 
multipunctatus 16.5-17.5 5.4 (1) 11.3 (3) 10;8 (2) 
Gymnoscopelus 
aphya Ca 30 < 23.5 (1) 
Diaphus theta 10-11 6.0 (1) 
Lobianchii;i 
gemellari 5.5 (1) 
brachius). The possession of five Prc's is unusual, 
as is their arrangement in an ascending line that 
terminates well below the lateral line. 
Lampanyctodes is among the genera that de-
velops accessory patches of luminous tissue on the 
body, a character shared with most members of 
the tribe Gymnoscopelini, as we interpret it, and 
with Diaphus (most species) and Lampanyctus 
(some species). None of the myctophine genera 
develops accessory luminous tissue other than 
the supra a·nd infracaudal glands. In Lampa-
nyctodes the luminous tissue develops at the bases 
of the dorsal, anal, pectoral and pelvic fins, before 
and behind the dorsal fin, and on the dorsal sur-
face of head; this pattern is suggestive of that 
developed on Ceratoscopelus and Bolinichthys. 
No secondary photophores are developed. 
The fact that, in its arrangement of light organs, 
Lampanyctodes shares so many characters with so 
many other genera of Lampanytinae, and even 
shares a fundamental character (the horizontal 
PVO's) with some genera of the Myctophinae has 
produced an understandable confusion as to·· the 
position of this genus. We would agree with 
Fraser-Brunner (1949) and Paxton (1972) that 
the genus has had a long and independent evolu-
tion but do not consider it a primitive genus. We 
believe it is a highly specialized form and that 
the ventral and basically linear placement of photo-
< 23.5 (2-3) < 23.5 (2-3) 
6.2 (2) 7.6 (3) 
7.0 (3) 6.2 (2) 
phores is related to its mode of life in shallow 
neritic waters. Our thesis that the arrangement of 
ventrally placed, well developed linear s~ries of 
photophores, such as is found in most' Mycto-
phinae, is an adaptation for countershading in 
shallow-living lanternfishes has been stated in 
detail in previous papers (Moser and Ahlstrom, 
1972, 1974). 
The :r;elationships of Lampanyctodes to other 
genera of Gymnoscopelini is seen more clearly 
from an examination of larval characters. It 
develops the dorsal series of pigment spots found 
in so many members of this tribe and, more impor-
tantly, forms several of the same photophores 
during the larval period (Table 3) . 
In an attempt to analyze the position of Lampa-
nyctodes in the subfamily Lampanyctinae we 
selected 10 larval characters and 10 adult char-
acters of this genus and compared them with all 
other genera in the subfamily. Dorsadena and 
Hintonia were excluded since their larvae are 
unknown. Two groups of larval characters were 
selected, those related to early forming photo-
phores, and those related to pigment patterns. 
Adult characters were based mostly on photophore 
arrangements, presence or absence of lumjnous 
caudal glands, accessory luminous tissue, second-
ary photophores, sexual dimorphism, keel or 
ridge on fifth circumorbital bone, and a supra-
...... 
'"" <;::, 
TABLE 4. Larval and adult characters of Lampanyctodes. hectoris compared with other genera of the subfamily Lampanyctinae. ,,,. . . ~ ; '?. 
" " " " "' " " " .:! -~ " :! " ~ ~ ~ "' " 'S "' " " " " " " " 'S .!:l ~ " " " " "' c .!:! t; ~. i: "ti " " " " c "' 'S "' -~ " "ti " "' l:: "" "' " " .. " ..!'l c " " "' " " :! " 0 ~ " " .:: " c ~ .:: " .:: c " "' "" Q " " "' " . <:; " " " "' .!:! " "' c to E E " ~ E " E .s- E " " ~ c ... ~ ~ "' "" ... ~ "' "' " "' " ~ " c "' :i: ~ " c -< ... "' \..) -< "l ... " Ci ... ... E-. "' 0.. ~ . t-< 
Larval characters t't"J 
::! Early forming photophores < 
Br2 + + + + + + + + + + + + + + + + - c.., 
0 Vn + + + + + + - + - - - - - - - - - c:: 
P05 + + + + + + - + - + + + - - - - - ~ 
PLO + + - + + + - + - - - - - - - - - ~ 
P01 + + - - - - - + - + + + - - - - - < 
Pigment characters Q t-< 
Series of ventral pigment spots .... '"tj 
(preflexion) + + + - + + + - - + + - -+ + + ? + 0 ~ 
Ventral series retained (postflexion) + + + - - - - - - + +- - - - - - - < ....... 
Pigment back of head + + + + +- + + + + + -+ +- - +late + -
~ -
Dorsal body pigment + + + + +- + +- + + + -+ + +late + 
~ - - - Q Caudal pigment + + + + - - - - + + +- +- - - - - + ti 
Adult characters ~ 
Supramaxillary present + + + + - - - - - + - - - - - - - ~ 
0 Circumorbital 5 keel or ridge + + + + - - - - - + +- + - - - - ? '"tj 
One or more VO's elevated + - - - + + + - - - + + +- + - - + c.., ('") 
Single POL + + + + + + 
.._ 
- - - - - - - - - - - ~ Dn and Vn development + + + + - - - - - + +- - - - - - - ('") 
Supracaudal glands developed + + + +- + + + + + - - + + + + + + ~ 
Infracaudal glands developed + + - - + + + + + - - + + + + + 
Accessory luminous tissue + + + + + + + - - + +- - +- - - - - "<::: 
0 Sexual dimorphism lacking + + - - - ? - + - - - - + + + + - t-< 
Secondary photophores lacking + + + + + + + + +- + + + + 
c:: - - - -
~ 
'1 .v, 
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maxillary. Presence of a character was rated as 
a "plus" and absence as a "dash". Because of 
variability occurring among species in some 
genera, some characters had to be rated both 
"plus" and "dash" (Table 4). In making a sum-
mation, characters rated as both "plus" and "dash" 
were weighted %. 
We do not assume that these 20 characters are 
of equal phylogenetic importance, even though 
none is trivial. We selected characters that are 
present or absent, hence had to ignore equally 
relevant characters that can not be so rated. 
Among the adult characters chosen, luminous 
glands on the caudal peduncle (supra and infra) 
probably a:re the most problematical, in that their 
presence or absence may not be as important 
phylogenetically as are the structural and func-
tional differences in these glands among genera. 
These differences cannot be simply rated by this 
technique. 
As noted earlier, the initial five pairs of photo-
phores to develop on Lampanyctodes during the 
larval period are Br2, Vn, P05, PLO, and P01• 
As indicated in table 4, all five pairs are also 
developed on Lampichthys and Lampadena, al-
though not in the same sequence as in Lampa-
nyctodes. Four of the above pairs are early form-
ing on Notoscopelus, Ceratoscopelus, and Lep-
idophanes, three of the above pairs in Scopelopsis, 
Gymnoscopelus, Diaphus and Lobianchia and the 
remaining seven genera lack early forming photo-
phores other than the Br2 pair. We consider the 
striking similarity of these early forming pairs 
among genera as evidence of close relationship. 
The other characters selected for larvae involve 
pigment patterns, including the presence or ab-
sence of a row of ventral midline pigment spots 
on the tail of preflexion and late-stage larvae, and 
the development of pigment on the back of the 
head, along the dorsal margin of the body, or at 
the base of the caudal fin of postflexion larvae. 
Certain relationships emerge when the char-
acters in the table are summed. Lampanyctodes 
is found to be most closely related to Lampichthys 
(17 points), then to Scopelopsis (13), Gymno-
scopelus (13), Notoscopelus ( 12%), Lampadena 
(12), Ceratoscopelus (11), and Lepidophanes 
( 11). These genera are among those we place in 
the tribe Gymnoscopelini. Although it is true that 
larval characters strongly influence this rating, so 
do several of the adult characters, such as the 
presence of a supramaxillary, Dn and Vn photo-
phores, and accessory .luminous tissue. Lampa-
nyctodes is close to three genera that Paxton 
(1972) and Moser and Ahlstrom (1972) have 
previously shown to be closely allied (Lampich-
thys, Scopelopsis, and N otoscopelus), but also to 
Gymnoscopelus, and must have split off from the 
ancestral line of the triad soon after it diverged 
from the Gymnoscopelus line. 
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EARLY DEVELOPMENT OF THE ROUND HERRING 
ETRUMEUS TERES (DE KAY) 
FROM THE SOUTH EAST ATLANTIC 
by Michael J~ O'TooLE and David P. F. KING 
Sea Fisheries Branch, Cape Town, South Africa 
ABSTRACT 
The eggs and early larval stages of the round herring (Etrumeus 
teres) are described from the Cape Peninsula. Eggs measured from 1,32 
mm to 1,47 mm in diameter. Newly hatched larvae measured between 
3,85 mm and 4,50 mm. Eggs were incubated through a series of tempe-
ratures ranging from 11,0° to 20,5 °C. Hatching occurred after 135 
hours at 11,0 °C and 36 hours at temperatures of 20,5 °C. 
INTRODUCTION 
While investigating the early life history of the pilchard Sardinops 
ocellata off the Cape Peninsula in December 1973, large numbers of 
unidentified clupeoid eggs at various stages of development were collec-
ted in the plankton. On hatching, they were found to be those of the 
round herring Etrumeus teres (De Kay). 
The round herring, known locally in the Cape as the red-eye sardine 
is widely distributed throughout the world and is found along the 
Atlantic and Pacific coasts of America, eastern and south-western coasts 
of South Africa, south coast of Australia, coasts of Japan, Galapagos 
Islands, eastern Mediterranean and Red Sea (WHITEHEAD, 1963). 
The genus Etrumeus has recently been revised (WHITEHEAD, 1963) 
and is now thought to consist of one species. 
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The total catch of red-eye sardine in South Africa rose from 5 000 
metric tons in 1966 to approximately 26 000 tons in 1973. Consequently, 
the species has become one of the more important fish in Cape waters 
during recent years. The eggs and larvae of E. teres (= E. micropus) 
have been described from Japanese waters by MITO (1961), UCHIDA (1958) 
and from the Gulf of Mexico by HouoE and FORE (1973). The early stages 
of the species from South African waters have not been described and 
rates of development, a common criterion required for abundance esti-
mates of a spawning population, are unknown. 
MATERIALS AND METHODS 
Eggs were collected from the Sea Fisheries Branch research vessel 
Benguela, about 15 km due west of Duiker Point at 1735 hours on 
December 10th (Fig. 1). A plankton net of 1 metre diameter and 0,940 mm 
mesh size was towed at the surface. Water temperature at the time of 
collection was 16.5 °C. 
The sample was sorted and the eggs removed by pipette and trans-
ferred to a large beaker of fresh sea water. The eggs were then separated 
according to their stages of development and two of each stage were 
placed into a series of incubator tubes containing 100 ml of sea water. 
The incubator was constructed of an aluminium gradient block 
in which ten different temperatures ranging from 11,0° to 20,5 •c 
(± 0,1 °C) were maintained simultaneously. The system was based on the 
design of THOMAS et al (1963). Observation on egg development were 
made every 30 minutes during the early stages but thereafter were 
conducted at longer intervals. 
MS-222 at concentrations of 1 : 20,000 was used to anaesthetize 
larvae for observation and measurement. Selected individuals were pre-
served at regular intervals to provide a series of developmental stages 
of eggs through to hatching. 
RESULTS 
DESCRIPTION OF THE EGG. 
The egg is smooth, spherical, has a large lightly segmented 
yolk, a narrow perivitelline space (0,125 - 0,165 mm) and no oil 
globule. Egg diameter ranged from 1,32 to 1,47 mm with a mean 
of 1,37 mm for 160 eggs measured. 
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FIG. 1. - Map of the Cape Peninsula showing location 
collected (x). 
where eggs were 
DEVELOPMENT OF THE EGG. 
The blastodermal cap stage was the earliest developing egg 
collected in the plankton (fig. 2 A). Other stages including those of 
blastula formation (fig. 2 B), blastopore closure and tail separation 
were also present in the collection. MILLER (1952) working on a 
related clupeid Sardinops caerulea observed that the time from 
fertilization to early blastodisc formation took 51- hours at 
16,8 °C. Assuming that blastodermal cap stage eggs were 4-6 hours 
old, spawning would have occurred about midday. 
Prior to blastopore closure (fig. 2 C), light dendritic melano-
phores develop on the forehead, between the optic cups and on the 
hind brain region. Melanophores are also present along the dorsal 
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Fm. 2. - Stages in the development of round herring Etrumeus teres eggs. 
A. Blastodermal cap ; B. Blastula formation ; C. Blastopore stage ; D. Tail 
separation ; E. Advanced embryo ; F. Final stages of development. 
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surface of the embryo on each side of the notochord and extend 
from the hind brain to about one-third of the body length. The tail 
is lightly speckled with pigment spots. After the blastopore has 
closed the embryo lengthens and thickens. At tail separation the fin 
folds develop and the body somites extend to the caudal region. 
Melanophores on the tail are more pronounced and about 40 body 
myotomes can be counted (fig. 2 D). The dorsal pigmentation by 
this time extends almost the length of the body. As the embryo 
grows, the tail elongates and begins to flex around the yolk. The 
anus is visible as a small depression on the posterior part of the 
ventral fin hold (fig. 2 E). The dendritic melanophores on the dorsal 
surface begin to migrate ventrally in the anterior half of the body. 
Eggs were observed to sink to the bottom of the tubes during late 
development, indicating a change in specific gravity. The advanced 
embryo eventually ruptures the egg case by a series of rapid flexing 
movements and escapes head first. 
DEVELOPMENT OF THE LARVA. 
Live newly hatched larvae measured between 3,85 mm and. 
4,50 mm body length, while preserved specimens measured between 
3, 75 mm and 4,00 mm body length. The larvae display typical 
clupeoid characteristics, with a slender sparsely pigmented body 
and a posteriorly placed anus. The head is noticeably flexed over 
the yolk and the fin folds are smooth in outline (fig. 3). Pigmen-
tation of the newly hatched larva is similar to that of the later 
embryonic phase and consists of a small group of melanophores 
on the forehead and on the interorbital and cranial regions. The 
line of migrating melanophores positioned along the dorsal and 
lateral sides of the body extends from the hind brain to about 
seven-eights of the body length. The eyes are unpigmented and the 
mouth has not yet formed. By the time the larva is 5,00 mm long 
(fig. 4), half of the melanophores have migrated to the ventral 
surface in the anterior region and are positioned dorsal to the 
intestine. The mouth has formed and the jaws have become func-
tional, but the eyes remain unpigmented. The pectoral fins have 
started developing and 48 to 50 body myotomes can be counted. 
Caudal lepidotrichia are visible on the tip of the tail. When the 
larvae measure between 6,00 mm and 6,50 mm b.1. (fig. 6), migra-
tion of the melanophores to the ventral surface is almost complete 
except for a few pigment spots between the 30th and 35th myotome. 
The yolk-sac is almost completely absorbed and pigmentation of the 
eyes commences. A conspicuous band of pigmentation appears on 
the lower jaws and some isolated melanophores are visible on the 
(. 
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yolk-sac and on the ventral fin fold between the 30th and 35th 
myotomes. 
RATE OF DEVELOPMENT. 
The duration from development to hatching decreases with 
increasing temperature from approximately 135 hours at ll,0°C to 
36 hours at 20,5°C. 
The mathematical relationship between incubation time (D) 
and temperature (T) is described by the regression equation D = 
aTb which for this experiment yields the formula D = 21018T-2 1051. 















Fm. 6. - Regression curve showing influence of temperature on time of 
development from the blastodermal cap stage to hatching. Bracketed numerals 
represent the number of observations made at each temperature. 
DISCUSSION 
The egg and yolk-sac larva are similar to those described from 
Japan and the Gulf of Mexico. Pigmentation of the embryo and 
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newly hatched larva are practically identical. However the egg of 
the South African form appears to be somewhat farger than its 
counterparts. 
The size, combined with characters such as a segmented yolk, 
a small perivitelline space and absence of an oil globule, serves to 
distinguish the eggs of E. teres from those of other clupeid eggs in 
South African waters. The eggs of the pilchard, Sardinops ocellata, 
also have a segmented yolk but their size (1,48 - 1,91 mm), the 
large perivitelline space and the presence of an oil globule are 
notable differences. 
Eggs of the anchovy, Engraulis capensis can easily be separated 
by their characteristic oval shape. 
The early larval stages of the round herring, however, are 
sometimes confused with those of pilchard and anchovy. A detailed 
description of the larvae of these species is necessary to elucidate 
their distinguishing features. 
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RESUME 
Des reufs typiques de clupeo1des ont ete collectes dans le 
plancton au large de la peninsule du Cap. L'eclosion a montre qu'il 
s'agissait du hareng Etrumeus teres (De Kay). Le developpement de 
J'reuf du Stade blastoderme a J'eclosion, a differentes temperatures, 
est decrit. 
ZUSAMMENF ASSUNG 
Typische Clupeoiden-Eier in Planktonproben aus der Nahe der 
Kap-Halbinsel wurden gesammelt. Sie konnten nach dem Schliipfen 
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als Eier von Etrumeus teres (De Kay) bestimmt werden. Das Ei 
und die friihen Larvenstadien sowie deren Entwicklung unter ver-
schiedenen Temperaturen werden beschrieben. 
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INCIDENT AL COLLECTIONS OF SMALL AND JUVENILE FISHES 
FROM EGG AND LARVAL SURVEYS OFF 
SOUTH WEST AFRICA (1972-1974) 
M. J. O'TOOLE 
The South West African Pelagic Egg and Lar-
val Survey (SW APELS) was commenced by the 
Sea Fisheries Branch in 1972 as part of the Cape 
Cross Research Programme (Cram and Visser 
1972). The collections were made primarily to 
study the seasonal distributibn and relative abun-
dance of eggs and larvae of commercial pelagic 
species in the upper 50m layer between latitudes 
l8°20'S (Cape Frio) and 24°40'S (Hollams Bird 
Island). 
A dense sampling grid, consisting of twenty 
lines with nine stations on each line (Fig. l) was 
sampled monthly from August 1972 to March 
1973 and from August 1973 to April 1974. The 
periods August to April were specifically selec-
ted to coincide with the known main spawning 
months of the commercially important pelagic 
species. The inshore station of each line was ap-
proximately 8 km from the coast whereas the 
outer station was 112 km off shore. Lines were 
spaced 32 km apart and the grid was sampled 
from north to south on a continuous 24-hour 
basis. The position and depth of each station are 
given in Tables I and II respectively. 
During the course of the investigation some 
interesting mesopelagic fish and juveniles of 
demersal and epipelagic species were captured 
in the plankton nets. 
The net used on both surveys was a Bongo net 
57 cm in diameter; paired nets of 0,94 mm mesh 
size were used on the first survey but on the se-
cond survey the left-side net had a mesh size of 
. 0,94 mm and the right 0,50 mm. Oblique hauls 
were made at a speed of two knots from 50 m to 
the surface where the depth was sufficient, or 
from within a few metres of the bottom in shal-
low coastal waters (King and Robertson 1973). 
Survey number, cruise dates and station omis-
sions are presented in Table III. 
CATCH COMPOSITION 
A total of approximately l 300 fish were 
caught during the two surveys. Seven orders 
were represented, consisting of juveniles and 
adults of the families Clupeidae, Engraulidae, . 
Gonostomatidae, Stomiatidae, Myctophidae, 
Scomberesocidae, Gadidae, Merlucciidae, 
Syngnath.idae, Carangidae, Trichiuridae, 
Gobiidae, Blenniidae and Soleidae. 
• Fifty-three per cent of the total number of fish 
caught belonged to the species Sufflogobius bibar-
batus (Percomorphi: Gobiidae), the order Per-
comorphi accounting for 61 per cent of the total 
line 14 · · 
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FIG. 1: LOCATION OF ROUTINE STATIONS OCCUPIED DURING 
THE SWAPELS CRUISES IN 1972/73 AND 1973/74 
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TABLE I: GEOGRAPHICAL POSITION OF EACH STATION 
Line Latitude 
Station longitude 
01 02 03 04 
14 18°20'8 I 1°50'E ll 0 45'E I 1°40'E l 1°35'E 
18 I 8°40'S I 2°09'E 12°04'E I 1°59'E l 1°53'E 
22 19°00'S l2°25'E l2°20'E 12°15'E l2°10'E 
26 19°20'S I 2°35'E l2°30'E 12°25'E l2°20'E 
30 19°40'S 12°50'E l2°45'E 12°40'E l 2°35'E 
34 20°00'8 I 3°00'E l2°55'E 12°50'E l2°45'E 
38 20°20'S 13°10'E I 3°05'E l3°00'E 12°55'E 
42 20°40'S 13°20'E 13°15'E 13°10'E I 3°05'E 
46 21°00'S I 3°25'E 13°20'E 13°15'E 13°10'E 
50 21°20'S 13°40'E I 3°35'E l3°30'E 13°25'E 
54 21°40'S l 3°50'E 13°45'E D 0 40'E l3°35'E 
58 22°00'S 14°05'E 14°00'E 13°55'E l 3°50'E 
62 22°20'S 14°17'E i4"12'E i4"07'E i4"02'E 
66 22°40'S 14°25'E 14°20'E 14°15'E i4"10'E 
70 23°00'S 14°15'E 14°10'E 14°05'E 14"00'E 
74 23°20'S i4"20'E l4°15'E 14°10'E 14°05'E 
78 23°40'S i4"20'E 14°15'E i4"10'E J4o05'E 
82 24°00'S 14°17'E 14°12'E 14°07'E 14°02'E 
86 24°20'S i4"23'E i4"18'E i4"13'E i4"08'E 
90 24°40'5 i4"27'E 14°22'E 14°17'E 14°12'E 
catch. Next in numerical abundance came the 
order Iniomi represented only by the family 
Myctophidae, with 27 per cent of the total. The 
greatest diversity was found in the family Mycto-
phidae, represented by eleven species, three of 
which belonged to the genus Diaphus. The 
species Lampanyctodes hectoris constituted 60 
per cent of all the myctophids collected and 
06 08 I IO 12 14 
ll 0 25'E l l 0 15'E l l 0 05'E 10°55'E 10°45'E 
l 1°43'E l l 0 33'E l1°23'E I 1°13'E I l 0 03'E 
12°00'E l 1°50'E l 1°40'E l 1°30'E 1 l0 20'E 
l2°10'E 12°00'E l 1°50'E I 1°40'E l l 0 30'E 
12°25'E 12°15'E 12°05'E ll 0 55'E 11°45'E 
12°35'E 12°25'E 12°15'E l2°05'E l 1°55'E 
12°45'E 12°35'E 12°25'E 12°l5'E 12°05'E 
12°55'E l2°45'E l2°35'E 12°25'E l2°15'E 
I 3°00'E l2°50'E l2°40'E l2°30'E I 2°20'E 
13°15'E 13°05'E 12°55'E I 2°45'E 12°35'E 
13°25'E 13°15'E 13°05'E 12°55'E 12°45'E 
13°40'E l 3°30'E 13°20'E 13°10'E 13°00'E 
l3°52'E 13°42'E 13°32'E 13°22'E 13°12'E 
14°00'E l3°50'E l3°40'E 13°30'E . l3°20'E 
13°50'E 13°40'E l 3°30'E I 3°20'E l3°10'E 
l3°55'E 13°45'E l3°35'E l 3°25'E 13°15'E 
l3°55'E 13°45'E l3°35'E 13°25'E l3°15'E 
13°52'E l3°42'E l3°32'E 13°22'E 13°12'E 
13°58'E l3°48'E 13°38'E I 3°28'E 13°18'E 
i4"02'E l3°52'E l 3°42'E 13°32'E 13°22'E 
ranked second in overall species abundance (16 
per cent of the total). Four species, ·namely 
Notolvchnus valdiviae (Myctophidae), Lampanyc-
tus australis (Myctophidae), Diplophos taenia 
(Gonostomatidae) and Gaidropsarus capensis 
(Gadidae) were each represented by a single 
specimen. 
Sufflogobius bibarbatus (Gobiidae) was cap-
TABLE II: DEPTH (M) AT EACH STATION 
Station 
Line 
01 02 03 04 06 08 10 12 14 
14 34 104 140 200 570 1400 2000 2 500 3 000 
18 36 40 92 134 212 240 460 960 I 370 
22 45 90 102 120 210 270 294 330 660 
26 42 72 104 126 180 260 310 340 510 
30 45 84 102 116 144 226 306 360 435 
34 40 80 105 120 150 220 272 334 410 
38 46 92 114 120 140 260 290 306 424 
42 40 85 108 122 152 270 310 322 490 
46 32 80 110 118 170 300 362 430 600 
50 21 75 93 106 130 164 310 358 530 
54 33 64 90 106 128 150 240 300 355 
58 26 44 72 93 115 140 175 220 310 
62 22 43 66 85 110 125 146 210 236 
66 26 50 78 94 120 129 134 218 282 
70 62 102 114 126 140 148 208 345 325 
74 42 80 112 125 154 162 176 268 270 
78 34 76 110 140 172 190 226 260 330 
82 64 102 128 154 232 258 275 290 470 
86 28 80 108 128 154 284 324 334 668 
90 38 58 70 98 148 155 320 420 655 
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TABLE III: SURVEY NUMBER, CRUISE DATES AND STATION OMISSIONS 
Survey 1 Cruise Omissions 
1972: Aug. 22-31 I Lines 14-34 
Sep. 15-20 2 Lines 14-34 
Oct. 15-22 3 Stations 10,12,14 of 
Lines 3~50 
Nov. 11-19 4 -
Dec. 5-14 5 -
1973: Jan. 13-21 6 -
Feb. 14-24 7 -
Mar. 11-19 8 -
tured at 50 stations, but species belonging to the 
family Myctophidae were collected at more sta-
tions (70) than any other family. Lampanyctodes 
hectoris was itself taken at 48 stations - more 
localities than any other myctophid. 
The 71 juveniles of Trachurus trachurus taken 
at station 46-04 during November 1972 re-
presented the largest number of individuals of a 
single species caught in a tow. 
The distribution of some of the more signifi-
cant species has been charted (Figs. 2 - 11 ). 
ANNOTATED LIST OF SPECIES 
A taxonomically arranged list of the fish 
species taken is given below. In the case of the 
more common species, the general distribution, 
length range, time of capture and temperature 
range are indicated. Records of the less common 
forms are listed under the species in the follow-
ing abbreviated form: station of capture, survey 
and cruise number, number of specimens taken, 
standard length or length range of the speci-




Sardinops ocellata Pappe .. 
Juvenile pilchard were taken on only two occa-
sions, approximately 25 km north-west of both 
Palgrave Point and Cape Cross (Fig. 2). 
50-02, 1/4, ( l ), 62 mm, 03h48, 15,8°C 
34-02,2/5,(1), 56 mm,Olh30, 17,7°C 
Survey 2 Cruise Omissions 
1973: Aug. 14-19 I Lines 14-34 
Sep. 9-15 2 Lines 14:-18 
Oct. 17-23 3 -
Nov. 10-18 4 -
Dec. 10-18 5 -
1974: Jan. 12-20 6 -
Feb. 6-14 7 -
Mar. 27-Apr. 4 8 -
Engraulidae 
Engrau/is capensis Gilchrist 
Anchovy juveniles were caught only twice -
l s0 
• Sardinops ocellata 
.A. Engraulis copensis 
l i° 
FIG. 2: LOCATION OF CAPTURE - Sardinops ocellata (CLUPEI-
DAE) AND Engraulis capensis (ENGRAULIDAE) 
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at approximately 25 km north-west of Mowe 
Point and 35 km south-west of Palgrave Point 
(Fig. 2). 
26-02, 1/8, (6), 35-42 mm, 06h30, 16, l°C 
42-04, 2/8, (4), 42-46 mm, 22h30, 18, l°C 
Gonostomatidae 
Mauro!icus muel/eri (Gmelin) 
Juveniles of this species of lightfish were 
found 40- 112 km off shore south of Walvis Bay 
(Fig. 3). 
2 0° 
66-14, 1/4, ( 1 ), 33 mm, l 7h08, l 5,5°C 
90-14, 1/4, (2), 19-28 mm, 05h50, 15,00C 
86-08, 1/7, (7), 22-35 mm, 20hl8, 18,9°C 
74-12, 1/8, (1), 27 mm, 2lh50, 18,5°C 
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FIG. 3: LOCATION OF CAPTURE - Maurolicus muel/eri 
(GONOSTOMATIDAE) AND Stomias boa boa (STOMIATIDAE) 
82-06, 2/5, (1), 16 mm, 19h55, 15,0"C 
86-08, 2/5, (2), 27 mm, 04h25, 14,00C 
86-10, 2/5, (2), 29-31 mm, 05h29, 14,5°C 
78-08, 2/6, ( l ), 34 mm, 23h50, 17 ,6°C 
78-10, 2/6, (4), 25-28 mm, 00h50, 18,2°C 
78-12, 2/6, (2), 22-26 mm, Olh57, 18,6°C 
78-14, 2/6, (2), 23 mm, 02h58, 18,6°C 
90-08, 2/6, ( 15), 20-35 mm, 02h05, 17, l °C 
90-10, 2/6, (1), 23 mm, Olh03, l 7,5°C 
90-06, 2/6, (5), 23-30 mm, 03h09, 17 ,0°C 
Dip/ophos taenia Gunther 
A single juvenile was taken on one occasion 
approximately 85 km off shore in the northern 
part of the survey area. 
22-10, 2/4, (1), 42 mm, 22h05, l 8,5°C 
Vinciguerria sp. 
A single damaged specimen of this genus was 
captured at the outer station of the line on two 
occasions, but their state precluded identifica-
tion to species . 
42-14, 1/2, (1), 
14-14, 1/6, (1), 
Stomiatidae 
42 mm, 20h28, 14,8°C 
38 mm, Olhl3, 18,6°C 
Stomias boa boa (Risso) 
Adults and juveniles of this predominantly 
deep-water species were caught mainly in the 
northern part of the research area (Fig. 3) . 
18-12, 1/3, (1), 112 mm, 05h40, l 7,5°C 
22-10, 1/4, (1), 42 mm, 04h30, 18,5°C 
42-14, 1/5, (1), 89 mm, 2lh30, 20,0°C 
26-04, 1/7, ( 1 ), 113 mm, 08h20, 17 ,8°C 
14-12, 1/8, (1), 33 mm, 03h25, 18,9°C 
14-14, 1/8, (1), 66 mm, 04h26, 20,4°C 
22-14, 2/3, (1), 92 mm, 20h01, 14,0°C 
78-14, 2/6, (4),105-130 mm, 02h58, 18,6°C 
90-10, 2/6, (1), 58 mm, Olh03, l 7,5°C 
INIOMI 
Myctophidae 
Electrona paucirastra Bolin • 
Three juveniles of this species of lantern fish 
were captured on one occasion approximately 
112 km west of Hollams Bird Island. 
90-14, 1/4, (3), 31-42 mm, 02hl0, 14,SOC 
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Hygophum macrochir (Gunther) 
Juveniles of this species were encountered 
only once, in the extreme north of the survey 
area. 
14-12, 2/6, (3), 48-56 mm, 22h00, 21,3°C 
Symbolophorus boops (Richardson) . 
Two species of Symbolophorus, S. boops and S. 
veranyi (Moreau), have been recorded from the 
South Atlantic. However, some confusion exists 
as to the validity of S. veranyi as a separate 
species (P. Hulley, S. Afr. Museum, personal 
commun!cation). Differences in the pigmenta-
tion of the larvae of Symbolophorus collected 
during the surveys suggest two types, one asso-
ciated with the Angola Current in the north and 
the other with the Benguela Current in the 
south. For the purposes of this report, however, 
all adults and juveniles caught are referred to as 
S. boops·. Symbolophorus was widely distributed 
over the survey area and was the second mycto-
phid in order of numerical abundance (Fig. 4). 
66-14, 1/2, (I), 42 mm, 02h00, 14,5°C 
82-04, 1/2, (2), 42-48 mm, 2lhl0, 14,8°C 
18-14, 1/3,(1), 70mm,00h20, 17,8°C 
26-06, 1/3, (3), 55-62 mm, 23h09, 15,9°C 
22-08, 1/4, (2), 27-35 mm, 21h30, 18,0°C 
30-12, 1/4, (2), 53-64 mm, 22h00, 18,2°C 
82-12, 1/4, (1), 51 mm, 06h20, 15,9°C 
82-10, 1/4, (I), 43 mm, 07h40, 15,8°C 
90-12, 1/4, (1), 49 mm, Olh30, 15,7°C 
22-08, 1/5, (1), 46 mm, OOhOO, 21,00C 
30-10, 1/5, (I), 75 mm, 21h30, 20,4°C 
34-14, 1/5, (1), 56 mm, Olh30, 20,2°C 
42-10, 1/5, (1), 54 mm, 00h20, 20,1°C 
42-14, 1/5, (1), 40 mm, 22hl0, 19,8°C 
50-14, 1/5, (1), 48 mm, 18h55, 18,6°C 
14-14, 1/8, (1), 40 mm, 22h23, 20,9°C 
14-12, 2/3, (2), 35-54 mm, 02h33, l6,0°C 
26-10, 2/5, (1), 58 mm, 00h28, 19,2°C 
34-08, 2/5, (1), 49 mm, 21h45, 18,7°C 
34-12, 2/5, (l), 54 mm, 19h27, l9,3°C 
22-12, 2/6, (5), 42-54 mm, 20h49, 19,4°C 
46-10, 2/6, (I), 68 mm, 00h40, 20,00C 
58-14, 2/6, (l), 64 mm, 23h38, 18,8°C 
78-14, 2/6, (1), 47 mm, 02h58, 18,6°C 
Notolychus valdiviae (Brauer) 
Juveniles were encountered twice in off-shore 
waters in the northern part of the research area. 
22-14, 1/6, (l), 32 mm, Olh43, 18,3°C 
14-12, 2/6, (2), 20-30 mm, OlhlO, 20,4°C 
Lampanyctus alatus (Goode and Bean) 
Adults and juveniles were caught 80 - 112 km 
off shore in the north (Fig. 5). 
14-14, 1/3, (1), 35 mm, Olh28, l 7,5°C 
14-12, 1/4, (4), 32-35 mm, 02h00, l 7,4°C 
14-08, 1/6, (1), 30 mm, 00h46, 18,0°C 
50-14, 1/7, (1), 38 mm, 03h40, 20,7°C 
34-14, 2/2, (1), 48 mm, 23hl0, 15,5°C 
50-14, 2/3, (1), 42 mm, 06h00, 15,5°C 
14-08, 2/6, (2), 32-38 mm, 22hl5, 18,1°C 
18-14, 2/6, (1), 35 mm, 04hl0, 18,00C 
26-14, 2/8, (1), 58 mm, 03h24, 20,6°C 
Lampanyctus australis Taning 
Only one juvenile specimen was taken 112 km 
west of Cape Frio (Fig. 5). 
14-14, 1/3, (1), 24 mm, 04h20, 17,4°C 
Fm. 4: LocATION OF CAPTURE - Symbolophorus hoops 
(MYCTOPHIDAE) 
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FIG. 5: LOCATION OF CAPTURE - Lampanyctus a/atus AND 
L. australis (MYCTOPftlDAE) 
Lampanyctodes hectoris (Gunther) 
This species of lantern fish was the most com-
monly encountered myctophid and ranked se-
cond in overall species abundance. It was also 
the most common myctophid larva in the 
SW APELS collections of ichthyoplankton {Ahl-
strom et al. in press). Adult L. hectoris have been 
widely reported in tl~e Cape from Lambert's Bay 
to Cape Agulhas and have been caught in com-
mercial quantities in South Africa since 1969 
(Centurier-Harris 1974). 
A total of over 200 juveniles and adults 
ranging in size from 15 - 80 mm were caught. Al-
though a few specimens were taken during every 
month, the species was most frequently en-
countered in August and September. The distri-
bution extended from l 9"()()'S to 24°40'S but the 
majority were found 30 - 112 km off shore south 






FIG. 6: LOCATION OF CAPTURE - Lampanyctus hectoris 
(MYCTOPHIDAE) 
were captured during the hours of darkness, with 
the greatest numbers taken immediately after 
dusk and between OlhOO and 03h00. L. hectoris 
occurred at temperatures of 12,0 - 17 ,5°C but 
were more numerous between !3,0°C and 14,00C. 
Diaphus cf. theta Eigenmann and Eigenmann 
Juveniles were caught at the extreme off-shore 
station on three occasions. 
14-14, 1/6, (I), 20 mm, 04h20, 20,8°C 
42-14, 1/6, (I), 16 mm, 2lh00, 19,2°C 
18-14, 1/8, (2), 23-27 mm, Olh20, 20,00C 
Diaphus taaningi Norman 
This species of lantern fish was caught 
regularly 60 - 112 km off shore between Cape 
Frio and Conception Bay and was the third most 
abundant myctophid in the collection (Fig. 7). 
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FIG. 7: LOCATION Of CAPTURE - Diaphus taaningi 
(MYCTOPHfDAE) 
The specimens were mainly juveniles, ranged in 
size from 34 - 58 mm and were captured at night 
between 21 h30 and 05h20. Most specimens were 
taken during the months of January, February 
and March when the water temperature lay with-
in the range 18,5 - 20, 7°C. 
Diaphus dumerili(Bleeker) 
This species was most frequently caught 
during February and March, 30 - 112 km off 
shore between Cape Frio and Walvis Bay (Fig. 
8). The specimens were predominantly juveniles. 
26-06, 1/3, (I), 32 mm, 03h55, 15,2°C 
22-10, 1/4, (1), 43 mm, 23hl3, l 7,7°C 
30-10, 1/4, (3), 22-43 mm, 2lh05, 18,3°C 
42-08, 1/4, (3), 18-32 mm, 23h30, l 7,4°C 
22-14, 1/6, (1), 19 mm, 04h20, 18,9°C 





FIG. 8: LoCATION Of CAPTURE - Diaphus dumerili 
(MYCTOPHIDAE) 
26-08, 1/7, (!), 35 mm, 06h25, 18,7°C 
34-12, 1/7, (!), · 42 mm, 00hl5, 20,(joC 
50-12, 1/7, (2), 37-42 mm, 03h40, 20,6°C 
50-14, 1/7, (3), 25-46 mm, 02h35, 20,7°C 
70-12, 1/7, (3), 32-54 mm, 00h30, 20,6°C 
14-14, 1/8, (3), 16-18 mm, 22h23, 20,9°C 
18-08, 1/8, (2), 29-35 mm, 05h03, l8,7°C 
26-08, 1/8, (2), 52-59 mm, 02hl6, 18,00C 
26-12, 1/8, (I), 18 mm, 23h52, 19,2°C 
46-08, 1/8, (I), 42 mm, 02h30, 18,4°C 
54-12, 1/8, (!), 51mm,00h45, 19,4°C 
58-14, 1/8, (!), 67 mm, 23h40, 19,5°C 
Myctophum sp. 
Only eight specimens belonging to the genus 
Myctophum were caught during the two surveys, 
scattered widely over the grid. 
74-12, 1/2, (1), 42 mm, 02hl,l, 14,00C 
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86-14, 1/4,(l), 38mm,02h05,16,0°C 18 0 ~---~~------------. 
14-08, 1/5, (l), 32 mm, OlhlO, 18,6°C 
14-14, 1/5, (2), 25-32 mm, 04h26, 20,4°C 
18-14, 1/5, (l), 47 mm, 07h20, 19,0°C 
46-14, 1/5, (2), 33 mm, 23h50, 20,9°C 190 
SYNENTOGNA THI • 
Scomberesocidae 
Scomberesox saurus (Walbaum) \ 
Seven juvenile sauries were captured between 2 1° 
30 km and 70 km off shore between l 9°S and 
20°s (Fig. 9). 
• 
• 
34-04, 1/8, (3), 42-45 mm, 00h20, 16,9°C 2 2° •• 
26-08, 2/2, (3) 43-44 mm, 06h00, 15,5°C 
34-08, 2/2, (l), 62 mm, 02h48, 14,7°C 
ANACANTHINI 
Gadidae 
Gaidropsarus capensis (Kaup) 
One juvenile rockling was caught inshore in 
the south. 
86-03, 1/3, (l), 25 mm, 13h50, 12,3°C 
Merlucciidae 
Merluccius capensis Castelnau 
Juvenile hake were taken only during 
December, south of Walvis Bay (Fig. 9). 
86-02, 1/5, (8), 
86-04, 1/5, (3), 
82-03, 2/5, (5), 
70-03, 2/5, (3), 
78-06, 2/5, ( 1 ), 
86-03, 2/5, (4), 
25-32 mm, OOhlO, 13,9°C 
28-30 mm, 05hl0, 14,3°C 
28-35 mm, 20h50, 15,00C 
27-28 mm, l0h28, 16,00C 
23 mm, 08h 18, 15,00C 




Three juvenile specimens of an unidentified 
species of pipefish were captured inshore be-
tween Mowe Point and Palgrave Point. 
34-01, 1/5, (l),110 mm, 02h00, 16,5°C 
38-01, 2/5, (1),123 mm, 04h20, l 7,2°C 
• Trachurus trachurus 
.& Merluccius capensis 
6. Scomberesox saurus 
• 
FIG. 9: LOCATION OF CAPTURE - Trachurus trachurus 
(CARANGIDAE), Merluccius capensis (MERLUCCIIDAE) 
AND Scomberesox saurus (SCOMBERESOCIDAE) 
30-01, 2/7, (l), 100 mm, Olh20, 18,6°C 
PERCOMORPHI 
Carangidae 
Trachurus trachurus Linnaeus 
Juvenile maasbanker were caught on 
numerous occasions 8 - 80 km off shore between 
Mowe Point and Walvis Bay (Fig. 9). Greatest 
numbers were taken during November, 
February and March. Specimens ranged in 
length from 23 mm to 43 mm and were taken 
during day and night collections. However, most 
specimens were caught during daylight between 
11 h35 and 13h00. T. trachurus were found at tem-
peratures ranging between 14,4°C and 20,0°C. 
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Trichiuridae 18°~----~~-----------~ 
Lepidopus caudatus (Euphrasen) 
Two juvenile frostfish were caught in the ex-
treme north of the sampling area. 1 9 o 
18-10, 2/7, (2), 22-25 mm, 23h35, 19,0°C 
Gobiidae 
Sufjlogobius bibarbatus (Smith) 
The bearded goby, S. bibarbatus, was 
previously only recorded from the southern 
coast of South Africa (Smith 1970). The species 
was first reported in South West African waters 
by Barber and Haedrich (1969), when they noted 
three juveniles off Hollams Bird Island. This re-
cord represents a 540-mile extension of the 
northerly limit of the species. Adults and 
juveniles were captured in large numbers during 
all months and ranged in length from 30 mm to 
98 mm. The larvae of this species were also the 
most abundant in the ichthyoplankton collec-
tions during the two-year survey (O'Toole, 
unpublished data). · 
The northern limit of their distribution was at 
l9°20'S (Mowe Point) and specimens were found 
8 - 85 km off shore (Fig. 10). The majority were, 
however, taken south of Walvis Bay between 
8 km and 32 km off the coast. S. bibarbatus was 
found at temperatures ranging between 14,5°C 
and 17 ,5°C. The goby was taken mainly between 
I 9h00 and 06h00, with peaks occurring at l 9h00-
21 hOO, 0 I h00-03h00 and 04h00-06h00. 
Blenniidae 
Cha/aroderma capito (Cuvier) 
This small specimen can only be tentatively 
identified at the present time (M. J. Penrith, 
State Museum Windhoek, personal communica-
tion). Larvae of this fish also were taken 
regularly. 
18-12, 1/5, (I), 25 mm, 12h23, 21,SOC 
HETEROSTOMATA 
Soleidae 
Austroglossus microlepis (Bleeker) 
Four juveniles of the West Coast sole were 
captured in November and December, 8 - 40 km 
off shore in the Walvis Bay region (Fig. 11). 
2 2° 
12° 
FIG. 10: LOCATION OF CAPTURE - Sufjfogobius bibarbatus 
(GOBIIDAE) 
70-02, 1/4, (2), 25-26 mm, 04h05, 13,8°C 
78-01, 1/5, (I), 28 mm, 06h45, 13,5°C 
66-06, 2/5, (I), 24 mm, 04h20, 16,5°C 
Dicologlossa cuneata (Moreau) . 
Juvenile Senegal sole were found only twice, 
inshore in the north (Fig. 11 ). · 
18-02, 1/6, (2), 26-27 mm, 15h00, 16,l°C 
38-02, 1/6, (I), 31 mm, 12hl5, 16,2°C 
DISCUSSION 
This report provides an indication of the pre-
sence and distribution of some fish species in 
the Benguela Current system between latitudes 
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2 0° 
4 Austroglossus microlepis 
2 3° • Dicologlossa cuneata 
FIG. 11: LoCATION OF CAPT)'.JRE - Austroglossus microlepis 
AND Dicologlossa cuneata (SoLEIDAE) 
I8°20'S and 24°40'S. The bearded goby, Suf 
jlogobius bibarbatus, has emerged as an impor-
tant component of the neritic ecosystem, a fact 
which prior to these surveys had not been fully 
realized. Little is known about the biology or the 
behaviour of this species, although it has been 
shown to be a significant component of the 
scattering layer off South West Africa (Barber 
and Haedrich 1969; C. d'Arcangues, University 
of Paris, personal communication). Further 
study is needed on the biology of the species in 
order to establish its relationship with other 
species and with its immediate environment. 
Net avoidance and diurnal migration appear 
to play an important role in determining the fre-
quency of capture of some species. For example, 
juveniles of the pilchard and · anchovy were 
rarely taken in the samples, probably owing to 
their ability to avoid slow-moving collecting 
gear. Those few that were captured were caught 
at night. On the other hand, juveniles of the 
maasbanker were taken frequently in the collec-
tions and did not exhibit any diurnal variation in 
catch-rate. This species would appear either to 
have a slow avoidance reaction or to be much 
more abundant than pilchard or anchovy in the 
upper 50 m layer during the day. 
Adult gobies showed marked diurnal variation 
in catch frequency. Those examined in aquaria 
on board ship were observed to have feeble 
swimming ability. This fact, together with their 
apparent movement to the upper layers at night 
would explain their frequent appearance in the 
collections during the hours of darkness and 
their general absence from the upper 50 m layer 
during the day. 
The lantern fish Lampanyctodes hectoris was 
captured at night and found to be the dominant 
myctophid in the survey region. Because of the 
existence of a new fishery for this species along 
the west coast of South Africa (Centurier-Harris 
1974), a more detailed investigation could reveal 
its potential commercial significance off South 
west Africa. 
Of the 25 species identified, 9 occurred only in 
the first survey, 3 only in the second survey and 
13 were present during both surveys. 
The geographic and seasonal patterns which 
emerged from these data will be examined more 
closely in a later report for their possible correla-
tion with environmental and other biological 
parameters. 
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Fish larval investigations 
off South West Africa 
Introduction 
THE EARLY life histories of many South West African 
fish are as yet poorly understood. As part of studies by 
the Sea Fisheries Branch on the pelagic fish resources 
of this region (Cram and Visser 1972) an extensive fish 
egg and larva survey (SWAPELS) was started in August 
1972. The basic objectives of this survey were to estab-
lish the time of spawning and geographic limits of the 
commercially exploited species (pilchard Sardinops 
ocellata, anchovy Engraulis capensis, and maasbanker 
Trachurus trachurus) and to use the data collected as a 
method for stock assessment. 
In addition to data gathered on the above mentioned 
species, the survey provided valuable information on the 
distribution, abundance and ecology of the early stages 
of a wide range of other fish. Larval stages of several such 
species have been subsequently identified from the 
plankton. 
The survey area extended from Cape Frio (l8°20'S) 
to Hollams Bird Island (24°50 '). See Fig. 1. Twenty 
lines comprising a total of 180 stations were systemati-
cally sampled monthly bewteen August 1972 and April 
· 1973. The sampling techniques employed and the gear 
used have been fully described by King and Robertson 
(1973). Briefly, however, two types of Bongo net were 
used, namely a 57 cm diameter frame with 0,940 mm 
mesh aperture (B57) and an 18 cm diameter frame with 
0,300 mm mesh aperture (B18). The B57 net was used 
at every station whereas the Bl8 net was towed only at 
selected inshore stations. Oblique hauls were taken to a 
depth of 50 mat all stations except those in very shallow 
water. 
The catches of larvae per standard tow were used as 
a measure of relative abundance. When both nets were 
towed simultaneously, catches were combined. Environ-
mental parameters such as temperature· and salinity 
were also monitored. In the laboratory,· all fish larvae 
were sorted, counted and identified as far as possible. 
Target species, such as pilchard, anchovy, maasbanker, 
hake Merluccius capansis and soles Austroglossus microlepis 
and Dicologlossa cuneata were measured to the nearest 
millimetre. 
The results are briefly summarized here. A detailed 
analysis of the findings will be published in the near 
future .. 
Fish larva composition 
The larvae of the bearded goby, Sufflogobius bibar-
batus, completely dominated the ichthyoplankton during 
the survey period and· formed 66,63 per cent of all fish 
larvae taken (Table 1). 
Summary of results by M. J. O'Toole 
Anchovy larvae were the second-most abundant 
group, accounting for 16,38 per cent. The larvae of 
mesopelagic fish (myctophid lanternfish and gonosto-
matids) comprised 4,56 per cent of the total fish larvae 
collected. The young stages of pilchard, maasbanker, 
soles and hake formed 3,75, 3,12, 3,00 and 1,28 per cent 
of the total numbers respectively. 
Unidentified species belonging to the families Calli-
onymidae (dragonets), Syngnathidae (pipefish), Albulidae 
(bonefish), Ophidiidae (kingkli p), Coryphaenoididae (rat-
tails), ScQmberescidae (garfish), Sciaenidae (kablejou), 
Gempylidae (snoek), Lophiidae (anglerfish), Blenniidae 
(blennies), Scorpaenidae (scorpion fish) and Triglidae 
(gurnards) were also taken in the plankton but formed 
an insignificant proportion ( 1 ,05 per cent) of the total 
larvae composition. 
Seasonal distribution and abundance 
Pilchard : Sardinops ocellata Pappe 
Pilchard larvae were widely distributed over the 
research area, but were mostly taken at inshore stations 
between Palgrave Point and Sandwich Harbour from 
September to November and between Cape Frio and 
Palgrave Point from December to February (Fig. 1.1). 
The distribution of pilchard larvae in the two geo-
graphic areas corresponds with a similar pattern 
observed by King ( 1973) for egg distribution. One 
spawning took place during late winter and early 
spring in the south. A second spawning occurred in the 
summer and early autumn in the north. It is not yet 
known whether the eggs were spawned by two separate 
populations, although the presence of distinct areas of 
egg and larval abundance at different times would 
suggest separate spawning populations. 
Larvae were found within a temperature range of 
13,0° to 21,0°C, but were most abundant at surface 
temperatures of 14,0° to 14,9°C in early spring and 
16,6° to 18,9°C in summer. 
Salinity readings throughout the survey area were 
relatively constant (35,1°/oo to 35,4°/oo) and there is 
no evidence that salinity had any effect on the distri-
bution of the larvae. 
Anchovy: Engraulis capensis Gilchrist 
Anchovy larvae were mainly confined to the northern 
sector of the research area, between latitude 18°20 'S 
(Cape Frio) and 20°30 'S (Palgrave Point. Larvae were 
particularly dense west of Cape Frio (Fig. 1.2). Their 
southern distribution rarely extended south of Palgrave 
Point. From the presence of anchovy eggs (King, op. 
cit.) and the distribution of yolk-sac larvae, it appears 
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that spawning took place continually from October to 
April in this region. As the geographical and seasonal 
limits of anchovy spawning were not determined, it is 
assumed that considerable reproduction occurred further 
north and west of Cape Frio. 
The larvae were most numerous at surface tempera-
tures between 19,5°C and 20,5°C and had a narrow 
overall temperature range of 18,0° to 21,5°C. 
Maas banker: Trachurus trachurus Linnaeus 
The larvae of maasbanker were distributed fairly 
uniformly between Cape Frio and Cape Cross, but 
rarely extended south of Walvis Bay (Fig. 1.3). The 
finding of yolk-sac larvae suggests two spawning popu-
lations. An early spawning took place between Palgrave 
Point and Walvis Bay in September and October. A 
later spawning of greater intensity occurred from January 
to March between Cape Frio and Palgrave Point. It is 
interesting to note that anchovy larvae appeared in the 
plankton at the same time as maasbanker larvae. Both 
species were frequently taken together during sampling. 
This fact would suggest that the early stages of maas-
banker and anchovy not only share the same environ-
ment but possibly compete for available food in the Cape 
Frio nursery area. 
The larvae were found within the narrow temperature 
range of 18,0° to 21,5°C, but were most abundant at 
mean surface temperatures of l 9,8°C. 
Hake Merluccius capensis Castelnau 
Although two species of hake, M. capensis and M. 
paradoxus Franca exist in South West African waters 
(van Eck 1969), it would be extreme! y difficult to 
identify the adult species from examination of the larval 
characteristics alone. It was decided, therefore, to 
arbitrarily refer the hake larvae taken in this region as 
belonging to the species M. capensis, until such time as a 
distinction can be made between the early stages of the 
two species. 
The larvae, although not very numerous, were 
collected from October 1972 to March 1973 and were 
widely distributed between Cape Frio and Hollams 
Bird Island (Fig. 1.4). The majority of larvae were 
caught during .November and December in the coastal 
waters between He·nties Bay (22°20 'S) and Conception 
Bay. From the distribution of newly hatched larvae, it 
appears that spawning takes place inshore between 
latitudes 22° and 24°S. 
Ninety-eight per cent of the larvae were taken 
between temperature of 12,5° and 18,0°C. However, 
sixty per cent were found between 13,5° and 15,5°C. 
Sole: Austroglossus microlepis (Bleeker) 
This species of sole is commonly known as the "West' 
Coast sole" and is of significant commercial value to 
the demersal fishery of South West Africa (Lucks et al 
1973). 
The larval stages display a typically southern distri-
bution, extending from Cape Cross to Hollams Bird 
Island (Fig. 1.5). The extent of their southern distribu-
tion has ·not been determined. It is evident from the 
distribution of yolk-sac larvae that this species spawns 
inshore between Conception Bay and Hollams Bird 
Island. Spawning takes place between the months of 
August and November. 
Larvae were found. at surface temperatures ranging 
from 11, 7° to l 5,5°C, but yolk-sac stages were most 
abundant at temperatures of 13,3° to 14,0°C. 
Sole: Dicologlossa cuneata (Moreau) 
This sole is an Atlantic species rarely appearing south 
of Walvis Bay (Smith 1970). 
The larvae were found only in the northern part of 
the research area between Cape Frio and Palgrave 
Point (Fig. 1.6). The northern extent of its spawning 
?as not been determined. They were mainly caught 
mshore .along the narrow continental shelf which 
characterizes this region. Newly hatched stages were 
presen~ in the plankton from December to February. 
Spawmng probably took place during this period in the 
vicinity of Cape Frio. 
Larvae were taken at surface temperatures of 18,0° 
to 22,0°C. 
Go by: Sujflogobius bibarbatus (Smith) 
Smith (1956) revised the taxonomy of this species, 
formerly Gobius bibarbatus Von Bonde, and delegated it 
to a new genus, Sujflogobius, based on its peculiar ability 
to self-inflate and the presence of two skin flaps beneath 
the chin. Very little information is available on this 
gobioid fish which is very abundant off the coast of 
South West Africa, so much so that purse seiners have 
sometimes taken considerable catches in their nets while 
fishing for pilchard and anchovy. 
Adult gobies were frequently taken in the plankton 
nets during the course of the survey and it is possible 
that these fish actively migrate to the upper waters at 
night to feed. 
The larvae of Sujflogobius completely dominated the 
ichthyoplanktonic fauna, forming over 66 per cent of 
the total fish larvae collected. Consequently, it is prob-
ably of considerable importance in the food web of the 
South West African coastal environment. The larval 
stages were very common and widely distributed along 
the inshore stations between Cape Frio and Hollams 
Bird Island (Fig. I. 7). The northern and southern ranges 
of their distribution have not yet been determined. 
The occurrence of newly hatched larvae points to 
considerable spawning activity along the entire coast 
between August and December. However, two main 
spawning periods were observed. The first took place in 
the cold inshore waters ( 11, 7° to l 3,3°C) ne.ar Hollams 
Bird Island in August and September. A second spawning 
of lesser intensity occurred in the warmer waters (14,5° 
to l 7,5°C) between Cape Frio and Mowe Point in 
October and November. 
The larvae were. adaptable to wide fluctuations in 
temperature ( 11,3° to 2 l ,3°C) and displayed a com-
paratively long planktonic phase. Transitional stages 
between larvae and juveniles were frequently caught in 
large numbers. When goby larvae were particularly 
abundant in samples, other fish larvae were noticeably 
absent. 
Mesopelagic larvae 
Many of the specimens have not yet been identified 
to generic level. However, early stages belongi_ng to the 
genera Symbolophorus, Diaphus and Lampanyctus were 
often present in the plankton. The gonostomatid 
Maurolicus mulleri was also quite abundant. 
The larvae were found throughout the survey area 
but chiefly at offshore stations along the edge of the 
continental shelf (Fig. 1.8). Highest numbers were 
recorded off Palgrave Point, west of Cape Cross, off 
Walvis Bay and west of Conception Bay and Hollams 
Bird Island. 
Larvae were found at surface temperatures ranging 
from 12,8° to 20,0°C. 
Day and night variation in catches 
Analyses of the day and night hauls revealed interest-
ing catch difference for the various species. 
Pilchard larvae were three times more plentiful at 
night. Maximum catches were taken during the first two 
hours of darkness (19.00 to 21.00 hrs). In the case of 
anchovy, over five times as many larvae appeared in 
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• dance was from midnight to 02.00 hrs. The larvae of 
hake also exhibited marked diurnal variation in catches, 
with three times as many being caught in night hauls. 
Peak catch periods were at dusk (19.30 hrs), midnight 
and dawn (05.00 to 05.30 hrs). 
No diurnal variation was displayed by maasbanker 
larvae or by either species of sole larvae. The majority 
of goby larvae were captured between 04.00 and 11.00 
hrs. They were particularly numerous in the plankton 
between 04.00 and 06.00 hrs. Larvae of mesopelagic 
fish were noticeably more abundant in night hauls. 
Advanced larvae and juveniles of all species were taken 
more frequently during the hours of darkness. 
Dispersal of larvae 
Although there is at present no direct oceanographic 
evidence to relate larva movement to the known current 
patterns off South West Africa, it has b.een J?OS~ible. to 
establish general trends from monthly size d1stnbut10n 
of larvae. 
Larvae resulting from eggs spawned in the south are 
carried rapidly in a northerly direction by the Benguela 
Current. As the larvae develop and progress northwards, 
the patches become scattered and. eventually dispers.e. 
However, those larvae resulting from eggs spawned m 
the north appear to be carried in a southerly direction. 
Newly hatched larvae were found in the far north while 
the more advanced stages occurred fur.ther south. 
An inshore off-shore drift was also apparent between 
Cape Frio and Rocky Point, but the situation was some-
times confused by the appearance of mixed size groups 
in the samples. 
Suggestions for future work 
Ecological aspects such as depth distribution, vertical 
migration and behaviour o(larvae in relation to sampling 
gear will have to be studied in the near future to provide 
a sound basis for stock assessment. 
Furthermore, in order to gain a better understanding 
of the ichthyoplankton environment as a whole, it is 
important that physical and biological parameters such 
as upwelling, primary production, current movement, 
predation and species-interaction should be investigated 
in greater detail. 
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A NOTE ON THE RELATIONSHIP BETWEEN THE VERTICAL DISTRIBUTION 
MAASBANKER LARVAE (TRACHURUS TRACHURUS L.) AND ENVIRONMENTAL 
METERS OFF SOUTH WEST AFRICA 
M. J. D'TODLE 
OF 
PARA= 
The maasbanker or horse mackerel Trachurus trachurus forms an 
important pelagic fish resource in the south east Atlantic. The 
fishery, although relatively recent, is becoming increasingly valuable. 
Stocks are mainly being exploited by vessels of the Soviet Union and 
South Africa. Landings, excluding those of Angola, have fluctuated 
between approximately 70 ODO metric tons in 1969 and 210 ODO metric 
tons in 1973. 
The Sea Fisheries Branch has been engaged·in quantitative egg 
and larva surveys as one· method of stock assessment since the ini= 
tiation of th~ Cape Cross Programme in 1971 (Cram and Visser 1972). 
Variation in the vertical distribution of fish larvae makes it diffi= 
cult to estimate species abundance reliably from extensive ichthyo= 
plankton collections. Such estimates would. demand as a prerequisite 
a knowledge of the vertical distribution of the species during its 
larval phase. Furthermore, knowled~e of the effects of biotic and 
abiotic factors on the depth distribution of the larvae would be 
useful 1n larval survival and recruitment studies. 
Lar~ae of the maasbanker were found to be both abundant and wide= 
spread in plankton samples taken during a two-year egg and larva 
survey off South West Africa.(D'Toole 1974). Little is known about 
the depth distribution of maasbanker larvae in relation to environ= 
mental conditions in the regiono The only known observation was by 
d'Arcangues (University of Paris, personal communication) during an 
investigation of the scattering layer off the coast in February 1974. 
Several larvae were taken at depths ranging from 14 m to 70 m at 
temperatures of 14 - 16°c. 
At 12h00 on 2 January 1975, during a routine ichthyoplankton 
cruise by the R.S. Benguela, large numbers of maasbanker larvae were 
located approximately 40 km west of Palgrave Point (Fig •. 1). The 
· o o 
surface temperature ranged from 20,0 C to 20,3 C. Samples w~re 
collected simultaneously at a series of depths, using nine samplers 
similar to those described by Miller (1961). The samplers· consisted 
of a 14,D cm diameter PVC tube with a 0.50 mm conical collecting net 
and were spaced at 10 metre intervals along the towing cable. Bathy= 
depth 
kymographs were positioned at 30 m and 60 m to provide profiles of the 
A 
tow. A Vee-fin depressor (57 kg) was used to submerge and stabilize 
the samp~ers during the haul. The nets were toweatapproximately 
A 
two knots for a period of one hour in a westerly direction. 
Larvae were extracted from the samples, counted and measured 
to the nearest tenth of a millimetre. The mean depth fished by each 
net was established by interpolation of the bathykymograph traces. 
Temperature, salinity, oxyg~n and chlorophyll measurements were taken 
at selected depth intervals in the ~ater column at the beginning and 
end of the tow. 
No larvae were taken in the upper 12 metres of water. One 
hundred and thirty larvae, ranging in size from 2,5 mm to 7,8 mm were 
captured within the depth range 18-75 m. Correlation of hydrological 
observations and larval abundance with depth is given in Table I. 
Approximately 40 per cent of all the larvae were found near the thermo= 
o cline at a depth of 25 m and a temperature of 18,2 C. Numbers fell 









Fig. 1 Location of capture of maasbanker larvae 
of environmental parameters. 0 Temperature; 13,5 - 19,1 C; Salinity, 
0 35,20 - 35,45 /oo; Oxygen 4,6 - 5,0 ml/!. However, since the 
entire depth distribution of the larvae was not covered, these ranges 
of environmental parameters should not be regarded as limiting for 
maasbanker larvaeo 
The observed vertical distribution of larvae compares favourably 
with similar work on related species of Trachurus. Ahlstrom (1959) 
noted that about 80 per cent of T. symmetricus larvae occurred_in 
the upper 50 metres, but the centre of abundance fluctuated between 
10 m and 44 m. The optimum depth of larvae of T. japonicus was 
found to be 20 m (Ida 1972). 
During this investigation, no differences in the distribution 
of larval length classes with depth were found. However, more than 
60 per cent.of recently hatched specimens (2,5 - 4,0 mm) occurred 
in the vicinity of the chlorophyll maximum layer. Although the 
results are based on only one observation, it is possible that these 
early larval stages were actively feeding in this layer at the time 
of capture. If this assumption is correct, then the vertical dis= 
placement or destruction of the chlorophyll maximum layer may strongly 
influence the depth distribution and survival of newly hatched larvae. 
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TABLE I: DEPTH DISTRIBUTION, ABUNDANCE AND SIZE OF· IRACHllRllS IRACHI !RIIS 
LARVAE IN RELATION TD HYDROLOGICAL PARAMETERS 
Hydrology Larvae 
r'Jean Temp. Salinity Oxygen Chlorophyll No. of Length % less % mars 
depth(m) (DC) 0 (ml/!) 3 larvae than than ( /oo) (ml/m ) range 4.0 mm 4.0 mm 
(mm) 
0 20,3 35 ,'52 5,3 2,5 - - - -. 
8 20,0 35,50 5,2 2,8 - - - -
2. i9,9 35,48 5,1 3,2 - - - -
19,1 35,45 5,0 4,6 18 3,5-7,8 22,2 77,8 
5. 18,2 35,32 4,9 5,8. 64. 2,5-6,9 40,6 59' l~ 
I 16,3 35,25 4,6 5,0 24 3,9-5,8 25,0 75,0 
3 15,2 35,25 no 3,1 16 3,2-7,4 11,0 89,0 
data 
/ 14,0 35,20 no 2,1 4 5,0-6,5 - 100,0 
data 
5 13,5 no no 2,3 4 4,0-5,2 - 100,0 
data data 
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A NOTE ON THE PRESENCE OF RIPE ANCHOVY OFF CAPE POINT 
M. J. O'TOOLE 
On 11 November 1975, large shoals of 
albacore (long-fin tuna) Thunnus alalunga were 
observed feeding at the surface between 24 km 
and 28 km south-west of Cape Point (Cape of 
Good Hope). Twelve specimens with a length 
(Lt) of 70-90 cm were caught by trolling from 
09h00 to 1 Oh30. The weights of the tuna varied 
from 12 kg to 21 kg and the surface temperature 
in the vicinity was l 8°C. 
Several freshly eaten anchovy Engraulis 
capensis were disgorged by some of the fish on 
landing and examination of one stomach re-
vealed that the tuna had been feeding almost ex-
clusively on this species. Five of the disgorged 
specimens were still in excellent condition and 
were examined for gonad activity. On slitting 
open the body cavity, the gonads of two (males) 
were in a white fluid condition and those of the 
other three (females) were both distended and 
fluid. All could be assigned to the ripe (stage 5) 
condition. The length (Lt) of the anchovies 
varied between 9 cm and 11 crn. 
Spawning anchovy have never been recorded 
in commercial purse-seine catches in the Cape 
since 1963, the most advanced stage previously 
recorded being the active/ripe (stage 4) condi-
tion (Robinson 1966). The main spawning season 
of anchovy in Cape waters is during spring and 
summer. In recent years, most spawning has oc-
curred east of Cape Point (Baird and 
Geldenhuys 1973). 
Using data from surface tows only, Anders 
( 1965) was able to determine the horizontal dis-
tribution and relative abundance of anchovy 
eggs off the Cape in the early years of commer-
cial exploitation (1964/65) .. Ahlstrom (1959) 
noted that eggs and larvae of the northern 
anchovy E. mordax were to be found near the 
surface. Alverson ( 1961) stated that albacore oc-
cur mainly above the thermocline but his finding 
was modified by Kawai (1969) who stated that it 
is mainly the young specimens that are found in 
surface waters where the thermocline is shallow. 
Mr B. B. S. Tromp (Sea Fisheries Branch, per-
sonal communication) noted that the thermo-
cline in the vicinity of these tuna shoals lay at 60 
- 70 m when sampled routinely on October 27 
and on November 13. 
It appears probable, therefore, that the 
anchovies were not driven to the surface layers 
by the predatory tuna, but had, in fact, con-
gregated, possibly for the purpose of spawning. 
The presence of both males and females in a ripe 
condition at the surface adds further weight to 
this hypothesis and it thus seems that both 
spawning and egg development take place close 
to the surface. 
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